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Description 

rAAV Vector Compositions and Methods for the 
Treatment of Choroidal Neovascularization 

1. Background of the Invention 

The present application claims priority from provisional application Serial No. 
60/366,1 14 filed March 20, 2002, the entire contents of which is specifically incorporated herein 
by reference in its entirety. The United States government has certain rights in the present 
invention pursuant to grant numbers EY05951, EY12609, EY11123, EY13101, NS36302, 
EY07132, EY1765 and EY08571, all from the National Institutes of Health. 

1.1 Field of the Invention 

The present invention relates generally to the fields of molecular biology and virology, 
and in particular, to recombinant adeno-associated viral (rAAV) vector compositions 
comprising nucleic acid segments encoding therapeutic gene products, and their use in the 
manufacture of medicaments for treating various disorders of the eye including, for example, 
retinal, ocular or choroidal neovascularization (CNV). Methods and compositions are provided 
for preparing rAAV-based vector constructs that express one or more therapeutic gene(s) for use 
in viral-based gene therapies of the mammalian eye, and in particular, for the therapy of 
neovascularization (NV) disorders. 

1 .2 Description of Related Art 
1.2.1 Ocular Neovascularization 

Ocular neovascularization (ONV) is a major threat to vision and a complicating feature 
of many eye diseases. In fact, CNV complicating age-related macular degeneration (AMD) is 
the most common cause of severe visual loss in people over 60 in developed countries (The 
Macular Photocoagulation Study Group, 1991). At best, current treatments merely delay severe 
vision loss, because they are directed at destroying new vessels and do not address the 
underlying angiogenic stimuli that frequently cause recurrences. 

Currently there are no antiangiogenic treatments available for patients with ONV, but 
several new approaches hold promise. Orally active drugs that inhibit VEGF receptor kinases 
cause dramatic inhibition of ONV in mice (Seo et al, 1999; Ozaki et al, 2000; Kwak et al, 
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2000). However, before this can be applied to patients, extensive safety data are needed to be 
certain there are no serious side effects from systemic inhibition of angiogenesis. To avoid 
these concerns, local delivery of several agents is being investigated. Phase I clinical trials 
testing the safety and tolerability of intraocular injections of an aptomer that binds VEGF or an 
anti-VEGF antibody have been completed and phase II trials have been developed, and 
preliminary reports have indicated that inflammation may occur, particularly after injection of 
the anti-VEGF antibody, but it is not considered a severe enough problem to discontinue these 
approaches (Guyer et al, 2001; Schwartz et al, 2001). Endogenous proteins are likely to be 
better tolerated and recently several proteins with purported antiangiogenic activity have been 
identified (O'Reilly et al, 1994; O'Reilly et al, 1997; O'Reilly et al, 1999; Maione et al, 
1990; Good et al, 1990; Dawson et al, 1999), and intraocular injection of each of these alone or 
in combination could be considered. However, the use of large molecules like aptamers or 
proteins has a major disadvantage of requiring repeated intraocular injections. 

Gene transfer offers an alternative means for local delivery of therapeutic proteins to 
intraocular tissues. Since the eye is a relatively isolated compartment, intraocular injection of a 
small fraction of the amount of viral vector used for systemic injections results in transduction 
of a large number of ocular cells and no transduction of cells outside the eye. Recently, it has 
been demonstrated that intraocular injection of an expression construct for pigment epithelium- 
derived factor (PEDF) packaged in an adenoviral vector inhibits ONV in three different mouse 
models (Mori et al, 2001a). This provides proof of concept for the gene transfer approach of 
treating ONV, but adenoviral vectors have features that may limit their use in humans, including 
some evidence of toxicity and decreased transgene expression to low levels over the course of a 
few months. It is not yet known if repeated intraocular injections of adenoviral vectors can be 
considered. Prolonged transgene expression with no evidence of toxicity has been demonstrated 
after intraocular injection of expression constructs packaged in rAAV vectors (Bennett et al, 
1999;Laurfa/.,2000). 

1 .2.2 Current Therapies for CN V are Ineffective 

Current treatments for choroidal neovacularization are ineffective, because they are 

directed at ablating the new blood vessels, but do not address the underlying angiogenic stimuli. 

As a result, recurrent neovascularization is extremely common and has a devastating effect on 

vision. To make treatment methods for neovascularization more effective, it is necessary to 

develop anti-angiogenic therapy. Using adenoviral vectors, it was shown that two proteins 

which have previously been shown to inhibit tumor angiogenesis (endostatin and PEDF) also 
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inhibit ONV (Mori et al, 2001a: Mori et al, 2001b). While the preliminary results are 
encouraging, adenoviral vectors invoke an inflammatory response which could cause damage to 
retinal cells, and also typically provide a short-duration expression of the therapeutic gene. 
Thus, the need exists for an effective, long-term gene therapy-based treatment that avoids the 
adverse effects of these and other systems presently afforded by the prior art. What is 
particularly lacking in the prior art is a safe and effective, long-term therapy for treatment of 
diseases and dysfunctions of the mammalian eye, and in particular, treatment of human 
disorders brought about by ocular and CNV. 

2. Summary of the Invention 

The present invention overcomes these and other limitations inherent in the prior art by 
providing new rAAV-based genetic constructs that encode one or more mammalian therapeutic 
polypeptides for the prevention, treatment, and/or amelioration of various disorders resulting 
from a deficiency in one or more of such polypeptides. In particular, the invention provides 
AAV-based genetic constructs encoding one or more mammalian neovascularization inhibitory 
polypeptides variants, and/or active fragments thereof, for use in the treatment of conditions of 
the mammalian eye, and in particular, the treatment of retinal diseases, and/or CNV and related 
ocular disorders. In particular, the inventors have demonstrated that pigment epithelium-derived 
factor (PEDF), angiostatin, endostatin, thrombospondin, neuropilin-1, interferon-alpha, tyrosyl- 
tRNA synthetase, tryptophanyl-tRNA synthetase, tissue inhibitor of metalloproteinase-3 
(TIMP3), the Exon 6 peptide of VEGF, the Exon 7 peptide of VEGF, and soluble vascular 
endothelial growth factor (VEGF) receptor (sFLT) polypeptides, and biologically active 
fragments, peptides, and polypeptides thereof are successful in ameliorating the effects of 
ocular, retinal, and CNV, and offer new methods for treating these diseases in affected animals. 

Likewise, the invention provides genetic constructs that encode one or more therapeutic 
polypeptides useful in the prevention, treatment or amelioration of various ocular disorders, 
including for example, loss of vision, blindness, macular degeneration, retinal or ocular 
dysfunction, and related conditions that manifest from an increase in neovascularization of 
tissues of the eye, and/or the deficiency or absence of physiologically-normal levels of a 
neovascularization-inhibitory polypeptide such as PEDF, VEGF, angiostatin, endostatin, KDR, 
interferon-a, neuropilin-1, thrombospondin, TIMP3, or sFLT polypeptides, and/or biologically- 
active fragments derived from such polypeptides. In particular, the invention provides long- 
term cost-effective gene-expression-based therapies to treat and/or ameliorate the symptoms of 
retinal or CNV in affected mammals, and in particular, humans at risk for developing, diagnosed 
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with, or suffering from, one or more ocular dysfunctions resulting from such neovascularization 
conditions. The invention also provides recombinant adeno-associated viral vectors, viral 
particles, host cells, and compositions comprising them for use in therapy and in the preparation 
of medicaments for treating various forms of retinal and/or CNV in mammalian eyes. The 
invention also provides methods of making and using such compositions, particularly in 
methods of treatment of mammalian eyes, and methods for providing therapeutically-effective 
amounts of neovascularization-inhibitory compounds to such eyes. The efficacy and utility of 
the present compositions and methods have been demonstrated in suitable approved animal 
models, and represent key advances in the art of treating neovascularization, and in particular, 
affords new AAV-based gene therapy methods for providing anti-neovascularization 
therapeuticums to selected mammalian host cells, tissues, and organs. 

2.1 rAAV Vector Compositions 

In a first embodiment, the invention provides an rAAV vector comprising a 
polypeptide that comprises at least a first nucleic acid segment that encodes a 
neovascularization-inhibitory peptide or polypeptide, and in particular, a pigment epithelium- 
derived factor (PEDF) polypeptide, an angiostatin polypeptide, an endostatin polypeptide, a 
tissue inhibitor of metalloproteinase-3 (TIMP3) polypeptide, a tyrosyl-tRNA synthetase 
polypeptide, a tryptophanyl-tRNA synthetase polypeptide, a soluble kinase insert domain 
receptor (KDR), a soluble neuropilin receptor, the Kringle 1-3 peptide of angiostatin, the 
Kringle 5 peptide of angiostatin, interferon-alpha (IFN-a), thrombospondin-1, a soluble 
vascular endothelial growth factor (VEGF) receptor (sFLT) polypeptide, the Exon 6 peptide 
of VEGF, the Exon 7 peptide of VEGF, or biologically-active choroidal neovascularization- 
inhibitory fragments of any of these peptides and polypeptides, operably linked to at least a 
first promoter capable of expressing the nucleic acid segment in a suitable host cell 
transformed with such a vector. In preferred embodiments, the nucleic acid segment encodes 
a mammalian, and in particular, a human neovascularization-inhibitory polypeptide, such as 
for example, a polypeptide selected from the group consisting of a human PEDF polypeptide, 
a human angiostatin polypeptide, a human endostatin polypeptide, a human TIMP3 
polypeptide, a human INF-a polypeptide, a human Exon 6 peptide of VEGF, a human Exon 7 
peptide of VEGF, a human Kringle 1-3 angiostatin peptide, a human Kringle 5 angiostatin 
peptide, a human thrombospondin-1 polypeptide, a human tyrosyl-tRNA synthetase 
polypeptide, a human tryptophanyl-tRNA synthetase polypeptide or a human soluble 
vascular endothelial growth factor (VEGF) receptor (sFLT) polypeptide, or a biologically- 
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active neovascularization-inhibitory peptide fragment or variant thereof. Alternatively, the 
therapeutic constructs of the invention may encompass nucleic acid segments that encode 
choroidal neovascularization-inhibitory polypeptides of any mammalian origin, such as for 
example nucleic acids, peptides, and polypeptides of murine, ovine, porcine, bovine, equine, 
epine, caprine, canine, feline, and/or lupine origin, or may encompass modified or site- 
specifically mutagenized nucleic acid segments that were initially obtained from one or more 
mammalian species, and genetically modified to be expressed in human cells such that their 
choroidal neovascularization-inhibitory activity is retained. 

In other preferred embodiments, the preferred nucleic acid segments for use in the 
practice of the present invention, encodes a mammalian, and in particular, a human 
angiostatin polypeptide or a biologically active fragment or variant thereof. Particularly 
preferred angiostatin polypeptides include those that comprise at least one, two, three, or four 
biologically-active Kringle domains of a mammalian angiostatin polypeptide (the first four 
Kringle domains of plasminogen). In illustrative embodiments, a polypeptide that comprises 
Kringle domains 1 to 3 of a human angiostatin polypeptide has been show, to possess the 
desired therapeutic properties of the present invention. 

Surprisingly, the inventors have also shown that endostatin, the exon 6 peptide 
(amino acids 121 to 132) fragment of VEGF polypeptide and the exon 7 peptide (amino acids 
22 to 44 plus Cys) fragment of VEGF polypeptide are effective at reducing RNV in vivo, 
almost to the same extent as a PEDF polypeptide or the first three Kringle region peptide 
(Kl-3) of angiostatin. 

The polynucleotides comprised in the vectors and viral particles of the present 

invention preferably comprise at least a first constitutive or inducible promoter operably 

linked to the nucleic acid segments disclosed herein. Such promoters may be homologous or 

heterologous promoters, and may be operatively positioned upstream of the nucleic acid 

segment encoding the therapeutic polypeptide of interest, such that the expression of the 

segment is under the control of the promoter. The construct may comprise a single promoter, 

or alternatively, two or more promoters may be used to facilitate expression of the 

therapeutic gene sequence. Exemplary promoters useful in the practice of the invention 

include, but are in no way limited to, those promoter sequences that are operable in 

mammalian, and in particular, human host cells, tissues, and organs, such as for example, a 

CMV promoter, a p-actin promoter, a hybrid CMV promoter, a hybrid p-actin promoter, an 

EF1 promoter, a Ula promoter, a Ulb promoter, a Tet-inducible promoter and a VP16-LexA 

promoter being particularly useful in the practice of the invention. In illustrative 
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embodiments, a polynucleotide encoding a therapeutic polypeptide was placed under the 
control of the chicken p-actin (CBA) promoter and used to produce therapeutically effective 
levels of the encoded polypeptide when suitable host cells were transformed with the genetic 
construct. 

The polynucleotides comprised in the vectors and viral particles of the present 
invention may also further optionally comprise one or more native, synthetic, homologous, 
heterologous, or hybrid enhancer or 5' regulatory elements, for example, a CMV enhancer, a 
synthetic enhancer, or an eye- or retinal-specific enhancer operably linked to the therapeutic 
polypeptide-encoding nucleic acid segments disclosed herein. 

The polynucleotides and nucleic acid segments comprised within the vectors and viral 
particles of the present invention may also further , optionally comprise one or more intron 
sequences. 

The polynucleotides comprised in the vectors and viral particles of the present 
invention may also further optionally comprise one or more native, synthetic, homologous, 
heterologous, or hybrid post-transcriptional or 3' regulatory elements operably positioned 
relative to the therapeutic polypeptide-encoding nucleic acid segments disclosed herein to 
provide greater expression, stability, or translation of the encoded polypeptides. One such 
example is the woodchuck hepatitis virus post-transcriptional regulatory element (WPRE), 
operably positioned downstream of the therapeutic gene of interest. 

In illustrative embodiments, the invention concerns administration of one or more 
biologically-active neovascularization-inhibitory peptides or polypeptides that comprise an at 
least 10, at least 15, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at 
least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at 
least 90, at least 95, or at least 100, or more contiguous amino acid sequence from the 
polypeptide and peptide sequences disclosed in Section 6 hereinbelow and particularly those 
polypeptides and peptides as recited in any one of SEQ ID NO:l to SEQ ID NO: 18. 

Likewise, in additional illustrative embodiments, the invention concerns 

administration of one or more biologically-active neovascularization-inhibitory peptides or 

polypeptides that are encoded by a nucleic acid segment that comprises at least 10, at least 

20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 

100, at least 110, at least 120, at least 130, at least 140, at least 150, at least 160, at least 170, 

at least 180, at least 190, or at least 200, 300, 400, or 500, or more contiguous nucleic acid 

residues from the DNA sequences disclosed in Section 6 hereinbelow and particularly those 

DNA sequences as recited in any one of SEQ ID NO: 1 9 to SEQ ID NO:35. 
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Exemplary adeno-associated viral vector constructs and polynucleotides of the 
present invention include those that comprise, consist essentially of, or consist of at least a 
first nucleic acid segment that encodes a peptide or polypeptide that is at least about 75%, at 
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 
96%, at least about 97%, at least about 98%, or at least about 99% identical to the sequence 
of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID 
NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO: 11, SEQ 
ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID 
NO: 17, or SEQ ID NO: 18, wherein the peptide or polypeptide has neovascularization 
inhibitory activity when administered to a mammalian eye. 

Exemplary polynucleotides of the present invention also include those sequences that 
comprise, consist essentially of, or consist of at least a first nucleic acid segment that is at 
least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99% 
identical to the nucleic acid sequence of SEQ ID NO:19, SEQ ID NO:20, SEQ ID Np:21, 
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID 
NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, 
SEQ ID NO:33, SEQ ID NO:34, or SEQ ID NO:35, wherein the peptide or polypeptide 
encoded by the nucleic acid segment has neovascularization inhibitory activity when 
administered to a mammalian eye. 

2.2 rAAV Viral Particles and Virions, and Host Cells Comprising them 

Other aspects of the invention concern rAAV particles and virions that comprise the 
vectors of the present invention, pluralities of such particles and virions, as well as 
pharmaceutical compositions and host cells that comprise one or more of the rAAV vectors 
disclosed herein, such as for example pharmaceutical formulations of the rAAV vectors or 
virions intended for administration to a mammal through suitable means, such as, by 
intramuscular, intravenous, or direct injection to selected cells, tissues, or organs of the 
mammal, for example, one or both eyes of the selected mammal. Typically, such 
compositions will be formulated with pharmaceutically-acceptable excipients, buffers, 
diluents, adjuvants, or carriers, as described hereinbelow, and may further comprise one or 
more liposomes, lipids, lipid complexes, microspheres, microparticles, nanospheres, or 
nanoparticle formulations to facilitate administration to the selected organs, tissues, and cells 
for which therapy is desired. 
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Further aspects of the invention include mammalian host cells, and pluralities thereof 
that comprise one or more of the adeno-associated viral vectors, virions, or viral particles as 
disclosed herein. Particularly preferred cells are human host cells, and in particular, human 
eye cells, scleral cells, choroidal cells, or retinal cells. 

2.3 Therapeutic Kits and Pharmaceutical Compositions 

Therapeutic kits for treating or ameliorating the symptoms of retinal or CNV, or other 
condition resulting from a pigment epithelium-derived factor or angiostatin polypeptide 
deficiency condition in a mammal are also part of the present invention. Such kits typically 
comprise one or more of the disclosed AAV vector , constructs, virion particles, or therapeutic 
compositions described herein, and instructions for using the kit. 

Another important aspect of the present invention concerns methods of use of the 
disclosed vectors, virions, compositions, and host cells described herein in the preparation of 
medicaments for treating or ameliorating the symptoms of retinal or CNV, or other 
conditions resulting from a pigment epithelium-derived factor polypeptide or angiostatin 
polypeptide deficiency condition in a mammal; Such methods generally involve 
administration to a mammal, or human in need thereof, one or more of the disclosed vectors, 
virions, host cells, or compositions, in an amount and for a time sufficient to treat or 
ameliorate the symptoms of such a deficiency in the affected mammal. The methods may 
also encompass prophylactic treatment of animals suspected of having such conditions, or 
administration of such compositions to those animals at risk for developing such conditions 
either following diagnosis, or prior to the onset of symptoms. Such symptoms may include, 
but are not limited to, ocular dysfunction, visual impairment, or blindness in affected 
animals, or may involve the appearance or increase in retinal or CNV in one or both eyes of 
the mammal at risk for developing a condition arising from hyperneovascularization, or other 
conditions which manifest themselves in an increased level of choroidal, retinal, or ocular 
neovascularization. 

Another aspect of the invention concerns compositions that comprise one or more of 
the disclosed adeno-associated viral vectors, virions, viral particles, and host cells as 
described herein. Pharmaceutical compositions comprising such are particularly 
contemplated to be useful in therapy, and particularly in the preparation of medicaments for 
treating ocular neovascularization, choroidal neovascularization, retinal neovascularization, 
age-related macular degeneration, visual impairment, ocular dysfunction, loss of vision, 
retinopathy, or blindness in affected mammals, and humans in particular. 
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2.4 Therapeutic Methods 

The invention also provides methods for delivering therapeutically-effective 
amounts of a choroidal or ocular neovascularization inhibitory polypeptide to a mammal in 
need thereof. Such methods generally comprise at least the step of providing or 
administering to such a mammal, one or more of the CNV-inhibitory compositions 
disclosed herein. For example, the method may involve providing to such a mammal, one 
or more of the rAAV vectors, virions, viral particles, host cells, or pharmaceutical 
compositions as described herein. Preferably such providing or such administration will be 
in an amount and for a time effective to provide a therapeutically-effective amount of one 
or more of the CNV-inhibitory peptides or polypeptides disclosed herein to selected cells, 
tissues, or organs of the mammal, and in particular, therapeutically-effective levels to the 
cells of one or both eyes of the mammal. Such methods may include systemic injection(s) 
of the therapeuticum, or may even involve direct or indirect administration, injection, or 
introduction of the therapeutic compositions to particular cells, tissues, or organs of the 
mammal. 

For example, the therapeutic composition may be provided to mammal by ocular 
injection, intravitreolar injection, retinal injection, or subretinal injection. 

The invention also provides methods of treating, ameliorating the symptoms, and 
reducing the severity of choroidal or ocular neovascularization in an animal. These 
methods generally involve at least the step of providing to an animal in need thereof, one or 
more of the rAAV vector compositions disclosed herein in an amount and for a time 
effective to treat NCV or other related ocular dysfunction in the animal. As described 
above, such methods may involve systemic injection(s) of the therapeuticum, or may even 
involve direct or indirect administration, injection, or introduction of the therapeutic 
compositions to particular cells, tissues, or organs of the animal. The method may involve 
ocular injection, intravitreolar injection, retinal injection, or subretinal injection of the 
therapeutic compounds to the eye or eyes of the animal, as may be required. 

The invention further concerns the use of the adeno-associated viral vectors, virions, 
viral particles, host cells, and/or the pharmaceutical compositions disclosed herein in the 
manufacture of a medicament for treating ocular neovascularization, choroidal 
neovascularization, age-related macular degeneration, vision loss, visual impairment, or 
blindness in a mammal. This use may involve systemic or localized injection, infection, or 
administration to one or more cells, tissues, or organs of the mammal. Such use is 
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particularly contemplated in humans that have, are suspected of having, or at risk for 
developing one or more ocular dysfunctions such as choroidal or ocular neovascularization. 

3. Brief Description of the Drawings 

The following drawings form part of the present specification and are included to further 
demonstrate certain aspects of the present invention. The invention may be better understood by 
reference to the following description taken in conjunction with the accompanying drawings, in 
which like reference numerals identify like elements, and in which: 

FIG. 1A shows intraocular levels of human pigment epithelium-derived factor (PEDF) 4 
or 6 weeks after intraocular injection of control vector or AAV-CBA-PEDF. C57BL/6 mice 
were given a subretinal (squares) or intravitreous (circles) injection of control vector (shaded) or 
AAV-CBA-PEDF (open). Four weeks after injection, the mice were sacrificed and PEDF levels 
were measured in whole eye homogenates as by enzyme-linked immunoabsorbant assay 
(ELISA). The optical density of the standard concentrations (small circles) were plotted to 
generate the standard curve. The PEDF levels in eyes injected with control vector were below 
the limit of detection and the levels in eyes injected with AAV-CBA-PEDF ranged from 20 to 
70 ng. ■ ■■ 

FIG. IB shows intraocular levels of human pigment epithelium-derived factor (PEDF) 4 
or 6 weeks after intraocular injection of control vector or AAV-CBA-PEDF. C57BL/6 mice 
were given a subretinal (squares) or intravitreous (circles) injection of control vector (shaded) or 
AAV-CBA-PEDF (open). Six weeks after injection, the mice were sacrificed and PEDF levels 
were measured in whole eye homogenates by ELISA. The PEDF levels in eyes injected with 
control vector were below the limit of detection and the levels in eyes injected with AAV-CBA- 
PEDF ranged from 6 to 30 ng. 

FIG. 2A and FIG. 2B show AAV-vectored pigment epithelium-derived growth factor 
(PEDF) inhibits CNV. Four weeks after intravitreous (IV) or subretinal (SR) injection of 
4.0 x 10 9 particles of control vector (UF12) or 1.5 x 10 9 particles of AAV-CBA-PEDF (FIG. 
2A) or six weeks after TV or SR injection of 2.4 x 10 9 particles of UF12 or 2.0 x 10 10 particles of 
AAV-CBA-PEDF (FIG. 2B), C57BL/6 mice had laser-induced rupture of Bruch's membrane at 
3 sites in each eye. Two weeks later, the mice were perfused with fluorescein-labeled dextran, 
choroidal flat mounts were prepared, and the area of CNV at each rupture site was measured by 
image analysis. *p<0.05 for difference from control vector given by same route by unpaired t- 
test for populations with unequal variances. 



-10- 



WO 03/080648 



PCT7US03/08667 



FIG. 3 shows data revealing that endostatin, VEGF Exon 6 Peptide (amino acids 121 to 
132 of VEGF), and VEGF Exon 7 Peptide (amino acids 1 to 21 of VEGF) are effective in vivo 
at reducing retinal NV approximately to the same extent as PEDF and the K 1-3 Kringle 
domains of angiostatin. , 

4. Description of Illustrative Embodiments 

Illustrative embodiments of the invention are described below. In the interest of clarity, 
not all features of an actual implementation are described in this specification. It will of course 
be appreciated that in the development of any such actual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals, such 
as compliance with system-related and business-related constraints, which will vary from one 
implementation to another. Moreover, it will be appreciated that such a development effort 
might be complex and time-consuming, but would nevertheless be a routine undertaking for 
those of ordinary skill in the art having the benefit of this disclosure. 

4.1 PEDF Inhibits RNV 

A recent study has demonstrated that systemic administration of recombinant PEDF 
protein inhibits RNV in the murine model of oxygen-induced ischemic retinopathy (Stellmach 
et al, 2001). hi that study, the minimum effective dose of PEDF protein was about 5 ug given 
by daily intraperitoneal injections. Assuming that 5 ug was the steady-state, whole animal level 
and correcting for the fractional volume of the eye relative to the whole body (both conservative 
assumptions), the presumptive threshold therapeutic level of PEDF necessary to inhibit RNV is 
estimated at about 2 ng/eye. 

4.2 Promoters and Enhancers 

Recombinant AAV vectors form important aspects of the present invention. The term 

"expression vector or construct" means any type of genetic construct containing a nucleic 

acid in which part or all of the nucleic acid encoding sequence is capable of being 

transcribed. In preferred embodiments, expression of the nucleic acid segment occurs in the 

selected host cells, organs, or tissues, such that the encoded therapeutic peptide or 

polypeptide of interest (for example, a biologically-active, CNV-inhibitory PEDF 

polypeptide, angiostatin polypeptide, endostatin polypeptide, TIMP3 polypeptide, tyrosyl- 

tRNA synthetase polypeptide, tryptophanyl-tRNA synthetase polypeptide, KDR polypeptide, 

soluble neuropilin receptor polypeptide, IFN-a polypeptide, thrombospondin-1 polypeptide, 
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sFLT polypeptide, or the Kringle 1-3 peptide of angiostatin, the Kringle 5 peptide of 
angiostatin the Exon 6 peptide of VEGF, or the Exon 7 peptide of VEGF, or biologically- 
active choroidal neovascularization-inhibitory fragments of any of these peptides and 
polypeptides) is produced as a result of expression of the gene and subsequent translation of 
the mRNA into mature protein or peptide. 

Particularly useful vectors are contemplated to be those vectors in which the nucleic 
acid segment to be transcribed is positioned under the transcriptional control of a promoter. 
A "promoter" refers to a DNA sequence recognized by the synthetic machinery of the cell, or 
introduced synthetic machinery, required to initiate the specific transcription of a gene. The 
phrases "operatively positioned," "under control" or "under transcriptional control" means 
that the promoter is in the correct location and orientation in relation to the nucleic acid to 
control RNA polymerase initiation and expression of the gene. "Upstream" is understood to 
mean an element is placed 5' of the reference nucleic acid segment. For example, promoters 
and enhancers are typically positioned upstream (5') of the nucleic acid segment encoding 
the therapeutic polypeptide(s) of interest. Likewise, "downstream" is understood to mean an 
element is placed 3' of the nucleic acid segment in question. For example, post- 
transcriptional regulatory elements (such as the WPRE) are typically positioned downstream 
(3') of the nucleic acid segment encoding the therapeutic polypeptide(s) of interest. 

In preferred embodiments, it is contemplated that certain advantages will be gained by 
positioning the coding DNA segment under the control of a recombinant, or heterologous, . 
promoter. As used herein, a recombinant or heterologous promoter is intended to refer to a 
promoter that is not normally associated with a particular therapeutic gene in its natural 
environment. Such promoters may include promoters normally associated with other genes, 
and/or promoters isolated from any bacterial, viral, eukaryotic, or mammalian cell. For 
example, a CBA promoter operably linked to a human PEDF-encoding nucleic acid segment is 
a "heterologous" promoter-driven DNA construct. Likewise, when a human angiostatin- 
encoding DNA sequence is operably positioned under the control of a CMV enhancer, this is 
referred to as a heterologous enhancer element. 

Naturally, it will be desirable in the practice of the invention to employ promoter(s), 
enhancer(s), and post-transcriptional regulatory elements) that effectively direct the expression 
of the sFLT-, endostatin-, INF-a-, thrombospondin-, neuropilin-, KDR-, TIMP3-, PEDF- 
VEGF-, or angiostatin-encoding nucleic acid segment in the cell type, tissue, organ, or even 
animal, chosen for expression. The selection of effective promoters and/or enhancers to be used 
to express selected nucleic acid segments in various cell types, tissues, organs, and animals, to 
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achieve protein expression is generally known to those of skill in the art of molecular biology, 
for example, see Sambrook etal. (1989), incorporated herein by reference. The promoters, 
enhancers, and regulatory elements employed in the practice of the invention may be selected to 
direct expression of the introduced DNA segment under the appropriate conditions in the chosen 
cell types. As an illustrative example, in human cells, the use of an rAAV vector comprising a 
CBA promoter and a WPRE operably linked to the therapeutic gene of interest is contemplated 
to provide the desired therapeutic levels of the encoded protein. 

At least one module in a promoter functions to position the start site for RNA 
synthesis. The best-known example of this is the TATA box, but in some promoters lacking 
a TATA box, such as the promoter for the mammalian terminal deoxynucleotidyl transferase 
gene and the promoter for the SV40 late genes, a discrete element overlying the start site 
itself helps to fix the place of initiation. 

Additional promoter elements regulate the frequency of transcriptional initiation. 
Typically, these are located in the region 30-110 bp upstream of the start site, although a 
number of promoters have been shown to contain functional elements downstream of the 
start site as well. The spacing between promoter elements frequently is flexible, so that 
promoter function is preserved when elements are inverted or moved relative to one another. 
In the tk promoter, the spacing between promoter elements can be increased to 50 bp apart 
before activity begins to decline. Depending on the promoter, it appears that individual 
elements can function either co-operatively or independently to activate transcription. 

The particular promoter that is employed to control the expression of a nucleic acid is 
not believed to be critical, so long as it is capable of expressing the neovascularization- 
inhibitory polypeptide-encoding nucleic acid segment in the selected or targeted cell. Thus, 
where a human cell is targeted, it is preferable to position the nucleic acid coding region 
adjacent to and under the control of a promoter that is capable of being expressed in a human 
cell. Generally speaking, such a promoter might include either a mammalian or viral 
promoter, such as a CBA, CMV or an HSV promoter. In certain aspects of the invention 
tetracycline controlled promoters are also contemplated to be useful. 

In various other embodiments, the human cytomegalovirus (CMV) immediate early 

gene promoter, the SV40 early promoter and the Rous sarcoma virus long terminal repeat can 

be used to obtain high-level expression of transgenes. The use of other viral or mammalian 

cellular or bacterial phage promoters that are well known in the art to achieve expression of a 

transgene is contemplated as well, provided that the levels of expression are sufficient for a 

given purpose. Tables 1 and 2 below list several elements/promoters that may be employed, 
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in the context of the present invention, to regulate the expression of the present 
neovascularization-inhibitory polypeptide-encoding nucleic acid segments comprised within 
the rAAV vectors of the present invention. This list is not intended to be exhaustive of all 
the possible elements involved in the promotion of transgene expression, but merely to be 
exemplary thereof. 

Enhancers were originally detected as genetic elements that increased transcription 
from a promoter located at a distant position on the same molecule of DNA. This ability to 
act over a large distance had little precedent in classic studies of prokaryotic transcriptional 
regulation. Subsequent work showed that regions of DNA with enhancer activity are 
organized much like promoters. That is, they are composed of many individual elements, 
each of which binds to one or more transcriptional proteins. 

The basic distinction between enhancers and promoters is operational. An enhancer 
region as a whole must be able to stimulate transcription at a distance; this need not be true of 
a promoter region or its component elements. On the other hand, a promoter must have one 
or more elements that direct initiation of RNA synthesis at a particular site and in a particular 
orientation, whereas enhancers lack these specificities. Promoters and enhancers are often 
overlapping and contiguous, often seeming to have a very similar modular organization. 

Additionally any promoter/enhancer combination (as per the Eukaryotic Promoter 
Data Base EPDB) could also be used to drive expression. Use of a T3, T7 or SP6 
cytoplasmic expression system is another possible embodiment. Eukaryotic cells, can support 
cytoplasmic transcription from certain bacterial promoters if the appropriate bacterial 
polymerase is provided, either as part of the delivery complex or as an additional genetic 
expression construct. 



Immunoglobulin Heavy Chain Banerji et al, 1 983 ; Gilles et al ,1983; Grosschedl and 



Table 1 



Promoter and Enhancer Elements 



Promoter/Enhancer 



References 



Immunoglobulin Light Chain 



Baltimore, 1985; Atchinson and Perry, 1986, 1987; 
Imler et al, 1987; Weinberger et al, 1984; Kiledjian 
etal, 1988; Portone^a/.; 1990 
Queen and Baltimore, 1983; Picard and Schaffher, 



1984 
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Promoter/Enhancer 



References 



T-Cell Receptor 

HLA DQ a and DQ P 
P -Interferon 

Interleukin-2 
Interleukin-2 Receptor 
MHC Class II 5 
MHC Class II HLA-Dra 
p-Actin 

Muscle Creatine Kinase 

Prealbumin (Transthyretin) 
Elastase I 
"Metallothionein 
Collagenase 
Albumin Gene 
a-Fetoprotein 
t-Globin 

p-Globin 
e-fos 
c-HA-ras 
Insulin 

Neural Cell Adhesion Molecule 
(NCAM) 

C*l-Antitrypain 

H2B (TH2B) Histone 
Mouse or Type I Collagen 
Glucose-Regulated Proteins 
(GRP94 and GRP78) 
Rat Growth Hormone 



Luria et al, 1987; Winoto and Baltimore, 1989; 
Redondoefa/.; 1990 
Sullivan and Peterlin, 1987 

Goodbournera/., 1986; Vujita etal, 1987; Goodbourn 

andManiatis, 1988 

Greene et al, 1989 

Greene et al, 1989; Lin et al, 1990 

Koch etal, 1989 

Sherman etal, 1989 

Kawamoto et al, 1988; Ng et al. ; 1989 

Jaynes etal, 1988; Horlick and Benfield, 1989; 

Johnsons al, 1989 

Costa etal., 1988 

Orahzetal, 1987 

Karin et al, 1987; Culotta and Hamer, 1989 
Pinkert et al. , 1 987; Angel et al. ,1987 
Pinkertefa/., 1987; Tranche et al, 1989, 1990 
Godbout et al, 1988; Campere and Tilghman, 1989 
Bodine and Ley, 1987; Perez-Stable and Constantini, 
1990 

Trudel and Constantini, 1987 
Cohen etal, 1987 

Triesman, 1986; Deschamps etal, 1985 
Edlund etal, 1985 
Hush etal, 1990 

Latimer etal, 1990 
Hwang etal, 1990 
Ripe etal, 1989 
Change al, 1989 

Larsen^a/., 1986 
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Promoter/Enhancer 



References 



Human Serum Amyloid A (SAA) 
Troponin I (TN I) 
Platelet-Derived Growth Factor 
Duchenne Muscular Dystrophy 
SV40 



Polyoma 



Papilloma Virus 



Hepatitis B Virus 



Human Immunodeficiency Virus 



Edbrookee^a/., 1989 
Yutzeyefor/., 1989 
Yechet al, 1989 
Klamut etal, 1990 

Banerji etal, 1981; Moreau etal, 1981; Sleigh and 
Lockett, 1985; Firak and Subramanian, 1986; Herr and 
Clarke, 1986; Imbra and Karin, 1986; Kadesch and 
Berg, 1986; Wang and Calame, 1986; Ondek et al, 
1987;Kuhle/fl/., 1987; Schaffiier etal, 1988 
Swartzendruber and Lehman, 1975; Vasseur et al, 
1980;Katinkae/a/., 1980, 1981; Tyndell etal, 1981; 
Dandolo etal, 1983; de Villiers et al, 1984; Hen 
etal, 1986; Satakeetal, 1988; Campbell and 
Villarreal, 1988 

Kriegler and Botchan, 1982, 1983; Levinson et al, 
1982; Kriegler etal, 1983, 1984a, b, 1988; Bosze 
etal, 1986; Miksicek etal, 1986; Celander and 
Haseltine, 1987; Thiesen etal, 1988; Celander et al, 
1988; Choi et al, 1988; Reisman and Rotter, 1989 
Campo et al, 1983; Lusky et al, 1983; Spandidos and 
Wiikie, 1983; Spalholz et al, 1985; Lusky and 
Botchan, 1986; Cripe etal, 1987; Gloss etal, 1987; 
Hirochikaefflf/., 1987; Stephens and Hentschel, 1987 
Bulla and Siddiqui, 1986; Jameel and Siddiqui, 1986; 
Shaul and Ben-Levy, 1987; Spandau and Lee, 1988; 
Vannice and Levinson, 1988 
Muesing etal, 1987; Hauber and Cullan, 1988; 
Jakobovits et al, 1988; Feng and Holland, 1988; 
Takebe et al, 1988; Rosen et al, 1988; Berkhout 
et al, 1989; Laspia et al, 1989; Sharp and Marciniak, 
1989;Braddock^a/., 1989 
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Promoter/Enhancer 


References 


Cytomegalovirus 


Weber et al, 1984; Bo 


shart et al, 1985; Foecking and 




Hofstetter, 1986 




Gibbon Ape Leukemia Virus 


Holbrook et al, 1987; Quinn et al, 1989 




Table 2 






Inducible Elements 




Element 


Inducer 


References 


MTII 


Phorbol Ester (TFA) 


Palmiter et al, 1982; Haslinger 




Heavy metals 


and Karin, 1985; Searle et al, 






1985; Stuart etal, 1985; 






Imagawa et al, 1987, Karin 






etal, 1987; Angel etal, 






1987b; McNeallef al, 1989 


MMTV (mouse mammary 


Glucocorticoids 


Huang etal, mi; Lee et al , 


tumor virus) 




1981; Majors and Varmus, 






1983; Chandler etal, 1983; 






Lee et al. , 1 984; Ponta et al , 






1985;Sakaiefa/., 1988 


P-Interferon 


poly(rI)x 


Tavernieref a/., 1983 




poly(rc) 




Adenovirus 5 E2 


Ela 


Imperiale andNevins, 1984 


Collagenase 


Phorbol Ester (TP A) 


Angel etal, 1987a 


Stromelysin 


Phorbol Ester (TP A) 


Angel etal, 1987b 


SV40 


Phorbol Ester (TPA) 


Angel etal, 1987b 


Murine MX Gene 


Interferon, Newcastle 






Disease Virus 




GRP78 Gene 


A23187 


Resendez etal, 1988 


a-2-Macroglobulin 


IL-6 


Kxmzetal, 1989 


Vimentin 


Serum 


Rittlingetf a/., 1989 


MHC Class I Gene H-2icb 


Interferon 


Blanar^a/., 1989 


HSP70 


Ela, SV40 Large T Antigen 


Taylor etal, 1989; Taylor and 






Kingston, 1990a, b 
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Element Inducer References 

Proliferin Phorbol Ester-TP A Mordacq and Linzer, 1989 

Tumor Necrosis Factor FMA Hensel et al. , 1 989 

Thyroid Stimulating Thyroid Hormone Chatterj ee et al. , 1 989 

Hormone a Gene 

As used herein, the terms "engineered" and "recombinant" cells are intended to refer to a 
cell into which an exogenous DNA segment, such as DNA segment that leads to the 
transcription of a neovascularization-inhibitory polypeptide or a ribozyme specific for such a 
polypeptide product, has been introduced. Therefore, engineered cells are distinguishable from 
naturally occurring cells, which do not contain a recombinantly introduced exogenous DNA 
segment. Engineered cells are thus cells having DNA segment introduced through the hand of 
man. 

To express a CNV-inhibitory peptide-encoding nucleic acid segment in accordance with 
the present invention one would prepare an rAAV expression vector that comprises a CNV- 
inhibitory peptide- or polypeptide-encoding nucleic acid segment under the control of one or 
more promoters. To bring a sequence "under the control of a promoter, one positions the 5' end 
of the transcription initiation site of the transcriptional reading frame generally between about 
1 and about 50 nucleotides "downstream" of {i.e., 3' of) the chosen promoter. The "upstream" 
promoter stimulates transcription of the DNA and promotes expression of the encoded 
polypeptide. This is the meaning of "recombinant expression" in this context. Particularly 
preferred recombinant vector constructs are those that comprise an rAAV vector. Such vectors 
are described in detail herein. 

4.3 Pharmaceutical Compositions 

In certain embodiments, the present invention concerns formulation of one or more of 
the rAAV compositions disclosed herein in pharmaceutically acceptable solutions for 
administration to a cell or an animal, either alone or in combination with one or more other 
modalities of therapy, and in particular, for therapy of the mammalian eye and tissues thereof. 

It will also be understood that, if desired, nucleic acid segments, RNA, DNA or PNA 
compositions that express one or more of the neovascularization-inhibitory therapeutic gene 
products as disclosed herein may be administered in combination with other agents as well, such 
as, e.g., proteins or polypeptides or various pharmaceutically-active agents, including one or 
more systemic or topical administrations of neovascularization-inhibitory polypeptides, 
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biologically active fragments, or variants thereof. In fact, there is virtually no limit to other 
components that may also be included, given that the additional agents do not cause a significant 
adverse effect upon contact with the target cells or host tissues. The rAAV compositions may 
thus be delivered along with various other agents as required in the particular instance. Such 
compositions may be purified from host cells or other biological sources, or alternatively may 
be chemically synthesized as described herein. Likewise, such compositions may further 
comprise substituted or derivatized RNA, DNA, or PNA compositions. 

Formulation of pharmaceutically-acceptable excipients and carrier solutions is well- 
known to those of skill in the art, as is the development of suitable dosing and treatment 
regimens for using the particular compositions described herein in a variety of treatment 
regimens, including e.g., oral, parenteral, intravenous, intranasal, and intramuscular 
administration and formulation. 

Typically, these formulations may contain at least about 0.1% of the active compound or 
more, although the percentage of the active ingredient(s) may, of course, be varied and may 
conveniently be between about 1 or 2% and about 70% or 80% or more of the weight or volume 
of the total formulation. Naturally, the amount of active compound(s) in each therapeutically- 
useful composition may be prepared is such a way that a suitable dosage will be obtained in any 
given unit dose of the compound. Factors such as solubility, bioavailability, biological half-life, 
route of administration, product shelf life, as well as other pharmacological considerations will 
be contemplated by one skilled in the art of preparing such pharmaceutical formulations, and as 
such, a variety of dosages and treatment regimens may be desirable. 

In certain circumstances it will be desirable to deliver the AAV vector-based therapeutic 
constructs in suitably formulated pharmaceutical compositions disclosed herein either 
subcutaneously, intraocularly, intravitreally, parenterally, intravenously, intramuscularly, 
intrathecally, or even orally, intraperitoneally, or by nasal inhalation, including those modalities 
as described in U. S. Patent 5,543,158; U. S. Patent 5,641,515 and U. S. Patent 5,399,363 (each 
specifically incorporated herein by reference in its entirety). Solutions of the active compounds 
as freebase or pharmacologically acceptable salts may be prepared in sterile water and may also 
suitably mixed with one or more surfactants, such as hydroxypropylcellulose. Dispersions may 
also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. 
Under ordinary conditions of storage and use, these preparations contain a preservative to 
prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or 
dispersions and sterile powders for the extemporaneous preparation of sterile injectable 
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solutions or dispersions (U. S. Patent 5,466,468, specifically incorporated herein by reference in 
its entirety). In all cases the form must be sterile and must be fluid to the extent that easy 
syringability exists. It must be stable under the conditions of manufacture and storage and must 
be preserved against the contaminating action of microorganisms, such as bacteria and fungi. 
The carrier can be a solvent or dispersion medium containing, for example, water, ethanol, 
polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable 
mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for example, by the 
use of a coating, such as lecithin, by the maintenance of the required particle size in the case of 
dispersion and by the use of surfactants. The prevention of the action of microorganisms can be 
brought about by various antibacterial ad antifungal agents, for example, parabens, 
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be preferable 
to include isotonic agents, for example, sugars or sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminum monostearatc and gelatin. 

For administration of an injectable aqueous solution, for example, the solution may be 
suitably buffered, if necessary, and the liquid diluent first rendered isotonic with sufficient saline 
or glucose. These particular aqueous solutions are especially suitable for intravenous, 
intramuscular, subcutaneous and intraperitoneal administration. In this connection, a sterile 
aqueous medium that can be employed will be known to those of skill in the art in light of the 
present disclosure. For example, one, dosage may be dissolved in 1 ml of isotonic NaCl solution 
and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed site of 
infusion, (see for example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 1035- 
1038 and 1570-1580). Some variation in dosage will necessarily occur depending on the 
condition of the subject being treated. The person responsible for administration will, in any 
event, determine the appropriate dose for the individual subject. Moreover, for human 
administration, preparations should meet sterility, pyrogenicity, and the general safety and 
purity standards as required by FDA Office of Biologies standards. 

Sterile injectable solutions are prepared by incorporating the active AAV vector- 
delivered neovascularization-inhibitory polypeptide-encoding polynucleotides in the required 
amount in the appropriate solvent with various of the other ingredients enumerated above, as 
required, followed by filtered sterilization. Generally, dispersions are prepared by incorporating 
the various sterilized active ingredients into a sterile vehicle which contains the basic dispersion 
medium and the required other ingredients from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, the preferred methods of preparation 
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are vacuum-drying and freeze-drying techniques which yield a powder of the active ingredient 
plus any additional desired ingredient from a previously sterile-filtered solution thereof. 

The AAV vector compositions disclosed herein may also be formulated in a neutral or 
salt form. Pharmaceutically-acceptable salts include the acid addition salts (formed with the 
free amino groups of the protein), which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and 
the like. Salts formed with the free carboxyl groups can also be derived from inorganic bases 
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropylamine, trimethylamine, histidine, procaine and the like. Upon 
formulation, solutions will be . administered in a manner compatible with the dosage formulation 
and in such amount as is therapeutically effective. The formulations are easily administered in a 
variety of dosage forms such as injectable solutions, drug-release capsules, and the like. 

As used herein, "carrier" includes any and all solvents, dispersion media, vehicles, 
coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying agents, 
buffers, carrier solutions, suspensions, .colloids, and the like. The use of such media and agents 
for pharmaceutical active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active ingredient, its use in the therapeutic 
compositions is contemplated. Supplementary active ingredients can also be incorporated into 
the compositions. 

The phrase "pharmaceutically-acceptable" refers to molecular entities and compositions 
that do not produce an allergic or similar untoward reaction when administered to a human, and 
in particular, when administered to the cells, and tissues of the human eye. The preparation of 
an aqueous composition that contains a protein as an active ingredient is well understood in the 
art. Typically, such compositions are prepared as injectables, either as liquid solutions or 
suspensions; solid forms suitable for solution in, or suspension in, liquid prior to injection can 
also be prepared. The preparation can also be emulsified. 

4.4 Liposome-, Nanocapsule-, and Microparticle-Mediated Delivery 

In certain embodiments, the inventors contemplate the use of liposomes, nanocapsules, 
microparticles, microspheres, lipid particles, vesicles, and the like, for the introduction of the 
compositions of the present invention into suitable host cells. In particular, the rAAV vectors, 
virions, viral particles, or pharmaceutically-acceptable compositions of the present invention 
may be formulated for delivery either encapsulated in a lipid particle, a liposome, a vesicle, a 
nanosphere, or a nanoparticle or the like. 
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Such formulations may be preferred for the introduction of pharmaceutically acceptable 
formulations of the nucleic acids or the rAAV constructs disclosed herein. The formation and 
use of liposomes is generally known to those of skill in the art (see for example, Couvreur et al. , 
1977; Couvreur, 1988; Lasic, 1998; which describes the use of liposomes and nanocapsules in 
the targeted antibiotic therapy for intracellular bacterial infections and diseases). Recently, 
liposomes were developed with improved serum stability and circulation half-times (Gabizon 
and Papahadjopoulos, 1988; Allen and Choun, 1987; U. S. Patent 5,741,516, specifically 
incorporated herein by reference in its entirety). Further, various methods of liposome and 
liposome like preparations as potential drug carriers have been reviewed (Takakura, 1998; 
Chandran et al, 1997; Margalit, 1995; U. S. Patent 5,567,434; U. S. Patent 5,552,157; U. S. 
Patent 5,565,213; U. S. Patent 5,738,868 and U. S. Patent 5,795,587, each specifically 
incorporated herein by reference in its entirety). 

Liposomes have been used successfully with a number of cell types that are normally 
resistant to transfection by other procedures including T cell suspensions, primary hepatocyte 
cultures and PC 12 cells (Renneisen e/ 1 a/., 1990; Muller etal, 1990). In addition, liposomes are 
free of the DNA length constraints that are typical of viral-based delivery systems. Liposomes 
have been used effectively to introduce genes, drugs (Heath and Martin, 1986; Heath etal, 
1986; Balazsovits etal, 1989; Fresta and Puglisi, 1996), radiotherapeutic agents (Pikul etal, 
1987), enzymes (Imaizumi et al, 1990a; Imaizumi et al, 1990b), viruses (Faller and Baltimore, 
1984), transcription factors and allosteric effectors (Nicolau and Gersonde, 1979) into a variety 
of cultured cell lines and animals. In addition, several successful clinical trails examining the 
effectiveness of liposome-mediated drug delivery have been completed (Lopez-Berestein et al, 
1985a; 1985b; Coune, 1988; Soulier et al, 1988). Furthermore, several studies suggest that the 
use of liposomes is not associated with autoimmune responses, toxicity or gonadal localization 
after systemic delivery (Mori and Fukatsu, 1992). 

Liposomes are formed from phospholipids that are dispersed in an aqueous medium and 
spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar vesicles 
(MLVs). MLVs generally have diameters of from 25 nm to 4 urn. Sonication of MLVs results 
in the formation of small unilamellar vesicles (SUVs) with diameters in the range of 200 to 500 
A, containing an aqueous solution in the core. 

Liposomes bear resemblance to cellular membranes and are contemplated for use in 

connection with the present invention as carriers for the peptide compositions. They are widely 

suitable as both water- and lipid-soluble substances can be entrapped, i.e. in the aqueous spaces 

and within the bilayer itself, respectively. It is possible that the drug-bearing liposomes may 
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even be employed for site-specific delivery of active agents by selectively modifying the 
liposomal formulation. 

In addition to the teachings of Couvreur et al (1977; 1988), the following information 
may be utilized in generating liposomal formulations. Phospholipids can form a variety of 
structures other than liposomes when dispersed in water, depending on the molar ratio of lipid to 
water. At low ratios the liposome is the preferred structure. The physical characteristics of 
liposomes depend on pH, ionic strength and the presence of divalent cations. Liposomes can 
show low permeability to ionic and polar substances, but at elevated temperatures undergo a 
phase transition which markedly alters their permeability. The phase transition involves a 
change from a closely packed, ordered structure, known as the gel state, to a loosely packed, 
less-ordered structure, known as the fluid state. This occurs at a characteristic phase-transition 
temperature and results in an increase in permeability to ions, sugars and drugs. 

In addition to temperature, exposure to proteins can alter the permeability of liposomes. 
Certain soluble proteins, such as cytochrome c, bind, deform and penetrate the bilayer, thereby 
causing changes in permeability. Cholesterol inhibits this penetration of proteins, apparently by 
packing the phospholipids more tightly. It is contemplated that the most useful liposome 
formations for antibiotic and inhibitor delivery will contain cholesterol. 

The ability to trap solutes varies between different types of liposomes. For example, 
MLVs are moderately efficient at trapping solutes, but SUVs are extremely inefficient.. SUVs 
offer the advantage of homogeneity and reproducibility in size distribution, however, and a 
compromise between size and trapping efficiency is offered by large unilamellar vesicles 
(LUVs). These are prepared by ether evaporation and are three to four times more efficient at 
solute entrapment tiian MLVs. 

In addition to liposome characteristics, an important determinant in entrapping 
compounds is the physicochemical properties of the compound itself. Polar compounds are 
trapped in the aqueous spaces and nonpolar compounds bind to the lipid bilayer of the vesicle. 
Polar compounds are released through permeation or when die bilayer is broken, but nonpolar 
compounds remain affiliated with the bilayer unless it is disrupted by temperature or exposure to 
lipoproteins. Both types show maximum efflux rates at the phase transition temperature. 

Liposomes interact with cells via four different mechanisms: Endocytosis by phagocytic 

cells of the reticuloendothelial system such as macrophages and neutrophils; adsorption to the 

cell surface, either by nonspecific weak hydrophobic or electrostatic forces, or by specific 

interactions with cell-surface components; fusion with the plasma cell membrane by insertion of 

the lipid bilayer of the liposome into the plasma membrane, with simultaneous release of 
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liposomal contents into the cytoplasm; and by transfer of liposomal lipids to cellular or 
subcellular membranes, or vice versa, without any association of the liposome contents. It often 
is difficult to determine which mechanism is operative and more than one may operate at the 
same time. 

The fate and disposition of intravenously injected liposomes depend on their physical 

properties, such as size, fluidity, and surface charge. They may persist in tissues for h or days, 

depending on their composition, and half lives in the blood range from min to several h. Larger 

liposomes, such as MLVs and LUVs, are taken up rapidly by phagocytic cells of the 

reticuloendothelial system, but physiology of the circulatory system restrains the exit of such 

large species at most sites. They can exit only in places where large openings or pores exist in 

the capillary endothelium, such as the sinusoids of the liver or spleen. Thus, these organs are 

the predominate site of uptake. On the other hand, SUVs show a broader tissue distribution but 

still are sequestered highly in the liver and spleen. In general, this in vivo behavior limits the 

potential targeting of liposomes to only those organs and tissues accessible to their large size. 

These include the blood, liver, spleen, bone marrow, and lymphoid organs. 

Targeting is generally not a limitation in terms of the present invention. However, 

should specific targeting be desired, methods are available for this to be accomplished. 

Antibodies may be used to bind to the liposome surface and to direct the antibody and its drug 

contents to specific antigenic receptors located on a particular cell-type surface. Carbohydrate 

determinants (glycoprotein or glycolipid cell-surface components that play a role in cell-cell 

recognition, interaction and adhesion) may also be used as recognition sites as they have 

potential in directing liposomes to particular cell types. Mostly, it is contemplated that 

intravenous injection of liposomal preparations would be used, but other routes of 

administration are also conceivable. 

Alternatively, the invention provides for pharmaceutically acceptable nanocapsule 

formulations of the AAV vector-based polynucleotide compositions of the present invention. 

Nanocapsules can generally entrap compounds in a stable and reproducible way (Henry- 

Michelland etal, 1987; Quintanar-Guerrero et al, 1998; Douglas et al, 1987). To avoid side 

effects due to intracellular polymeric overloading, such ultrafine particles (sized around 0.1 urn) 

should be designed using polymers able to be degraded in vivo. Biodegradable polyalkyl- 

cyanoacrylate nanoparticles that meet these requirements are contemplated for use in the present 

invention. Such particles may be are easily made, as described (Couvreur etal, 1980; 

Couvreur, 1988; zurMuhlen etal, 1998; Zambauxe^/. 1998; Pinto- Alphandry et al, 1995 and 

U. S. Patent 5,145,684, specifically incorporated herein by reference in its entirety). 
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4.5 Additional Modes of Delivery 

In addition to the methods of delivery described above, the following techniques are also 
contemplated as alternative methods of delivering the disclosed rAAV vector based 
polynucleotide compositions to a target cell or particular animal, organ, or tissue. Sonophoresis 
(i.e., ultrasound) has been used and described in U. S. Patent 5,656,016 (specifically incorporated 
herein by reference in its entirety) as a device for enhancing the rate and efficacy of drug 
permeation into and through the circulatory system. Other drug delivery alternatives 
contemplated are intraosseous injection (U. S. Patent 5,779,708), microchip devices (U. S. Patent 
5,797,898), ophthalmic formulations (Bourlais et al, 1998), transdermal matrices (U. S. Patent 
5,770,219 and U. S. Patent 5,783,208) and feedback-controlled delivery (U. S. Patent 5,697,899), 
each specifically incorporated herein by reference in its entirety. 

4.6 Therapeutic and Diagnostic Kits 

The invention also encompasses one or more compositions together with one or more 
pharmaceutically-acceptable excipients, carriers, diluents, adjuvants, and/or other components, 
as may be employed in the formulation of particular rAAV-polynucleotide delivery 
formulations, and in the preparation of therapeutic agents for administration to a mammal, and 
in particularly, to a human, for one or more of the ocular diseases and dysfunctions described " 
herein. In particular, such kits may comprise one or more of the disclosed rAAV compositions 
in combination with instructions for using the viral vector in the treatment of such RNV, CNV, 
and ONV disorders in a mammal, and may typically further include containers prepared for 
convenient commercial packaging. 

As such, preferred animals for administration of the pharmaceutical compositions 
disclosed herein include mammals, and particularly humans. Other preferred animals include 
animals of commercial interest, domesticated livestock, and household pets such as dogs and 
cats under the care of veterinary professionals. The composition may include partially or 
significantly purified rAAV vectors or viral compositions, either alone, or in combination with 
one or more additional active ingredients, which may be obtained from natural or recombinant 
sources, or which may be obtainable naturally or either chemically synthesized, or alternatively 
produced in vitro from recombinant host cells expressing DNA segments encoding such 
additional active ingredients. 

Therapeutic kits may also be prepared that comprise at least one of the rAAV vector- 
based gene therapy compositions disclosed herein and instructions for using the composition as 
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a therapeutic agent. The container means for such kits may typically comprise at least one vial, 
test tube, flask, bottle, syringe or other container means, into which the disclosed rAAV 
composition(s) may be placed, and preferably suitably aliquoted. Where a neovascularization- 
inhibitory composition is also provided, the kit may also contain a second distinct container 
means into which this second composition may be placed. Alternatively, the plurality of 
neovascularization-inliibitory biologically-active compositions may be prepared in a single 
pharmaceutical composition, and may be packaged in a single container means, such as a vial, 
flask, syringe, bottle, or other suitable single container means. The kits of the present invention 
may also include one or more means for containing the vial(s) or syringes in close confinement 
for commercial sale, such as, e.g., injection or blow-molded plastic containers into which the 
desired vial(s) or syringes are retained. 

4.7 Adeno- Associated Virus (AAV) 

AAV is particularly attractive for gene transfer because it does not induce any 
pathogenic response and can integrate into the host cellular chromosome (Kotin et al, 1990). 
The AAV terminal repeats (TRs) are the only essential cz's-components for the chromosomal 
integration (Muzyczka and McLaughin, 1988). These TRs are reported to have promoter 
activity (Flotte et al, 1993). They may promote efficient gene transfer from the cytoplasm to 
the nucleus or increase the stability of plasmid DNA and enable longer-lasting gene expression 
(Bartlett et al, 1996). Studies using recombinant plasmid DNAs containing AAV TRs have 
attracted considerable interest. AAV-based plasmids have been shown to drive higher and 
longer transgene expression than the identical plasmids lacking the TRs of AAV in most cell 
types (Philip et al, 1994; Shafron et al, 1998; Wang etal, 1999). 

AAV (Ridgeway, 1988; Hermonat and Muzyczka, 1984) is a parovirus, discovered as a 
contamination of adenoviral stocks. It is a ubiquitous virus (antibodies are present in 85% of the 
US human population) that has not been linked to any disease. It is also classified as a 
dependovirus, because its replication is dependent on the presence of a helper virus, such as 
adenovirus. Five serotypes have been isolated, of which AAV-2 is the best characterized. AAV 
has a single-stranded linear DNA that is encapsidated into capsid proteins VP1, VP2 and VP3 to 
form an icosahedral virion of 20 to 24 nm in diameter (Muzyczka and McLaughlin, 1988). 

The AAV DNA is approximately 4.7 kilobases long. It contains two open reading 
frames and is flanked by two ITRs. There are two major genes in the AAV genome: rep and 
cap. The rep gene encodes a protein responsible for viral replications, whereas the cap gene 
encodes the capsid protein VP 1-3. Each ITR forms a T-shaped hairpin structure. These 
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terminal repeats are the only essential cis components of the AAV for chromosomal integration. 
Therefore, the AAV can be used as a vector with all viral coding sequences removed and 
replaced by the cassette of genes for delivery. Three viral promoters have been identified and 
named p5, p 1 9, and p40, according to their map position. Transcription from p5 and p 1 9 results 
in production of rep proteins, and transcription from p40 produces the capsid proteins 
(Hermonat and Muzyczka, 1984). 

There are several factors that prompted researchers to study the possibility of using 
rAAV as an expression vector. One is that the requirements for delivering a gene to integrate 
into the host chromosome are surprisingly few. It is necessary to have the 145-bp ITRs, which 
are only 6% of the AAV genome. This leaves room in the vector to assemble a 4.5-kb DNA 
insertion. While this carrying capacity may prevent the AAV from delivering large genes, it is 
amply suited for delivering the antisense constructs of the present invention. 

AAV is also a good choice of delivery vehicles due to its safety. There is a relatively 
complicated rescue mechanism: not only wild type adenovirus but also AAV genes are 
required to mobilize rAAV. Likewise, AAV is not pathogenic and not associated with any 
disease: The removal of viral coding sequences minimizes immune reactions to viral gene 
expression, and therefore, rAAV does not evoke an inflammatory response. AAV therefore, 
represents an ideal candidate for delivery of the present hammerhead ribozyme constructs. 

5. . Examples 

The following examples are included to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the art that the techniques disclosed in 
the examples which follow represent techniques discovered by the inventor to function well in 
the practice of the invention, and thus can be considered to constitute preferred modes for its 
practice. However, those of skill in the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments which are disclosed and still obtain 
a like or similar result without departing from the spirit and scope of the invention. 

5.1 Example 1 - AAV-Mediated Expression of PEDF or Angiostatin (K1K3) 
Reduces RNV in a Mouse Model of Ischemic Retinopathy 

The present example describes methods for the rAAV-mediated expression of pigment 

epithelium-derived factor (PEDF) polypeptides or the biologically-active peptide fragment that 

comprises Kringle domains 1-3 (Kl-3 or K1K3) of an angiostatin polypeptide in reducing 

aberrant microvessel formation in a mouse model of ischemia-induced neonatal retinal NV. 
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5.1.1 Methods 

rAAV vectors expressing the therapeutic genes of interest were injected into one eye of 
Day 0 (P0) newborn mouse pups. Retinal NV was induced in P7 mice exposed to 73% + 2% 
oxygen for 5 days, followed by room air for another 5 days. Retinal NV was quantified by the 
number of endothelial cell nuclei internal to the inner limiting membrane in P17 eye sections. 
Protein levels for expressed PEDF and K1K3 were measured by indirect sandwich ELISA for 
the time frame corresponding to the ischemia-induced model. 

5.1.2 Results 

The number of endothelial cell nuclei internal to the inner limiting membrane in eyes 
treated with rAAV-PEDF or rAAV-KlK3 was reduced on average by 30-40% compared to 
control eyes. The protein levels measured by ELISA indicate expression of PEDF or K1K3 is 
detectable as early as 1 day post-injection and persists for the period of the experimental model 
" at therapeutic levels. 

• Expression of either PEDF or Kl K3 from rAAV vectors reduces the level of retinal NV 
in this model of ischemic retinopathy. The protein levels detected by ELISA correlate well with 
the reduction in NV and confirm that short-term expression from rAAV vectors is a viable 
therapeutic method. The immediate-early expression pattern appears to be due, at least in part, 
to the rapidly dividing nature of retinal cells at this developmental stage. ■ 

5.2 Example 2 - AAV-Mediated Gene Transfer of Pigment Epithelium- 
Derived Factor Inhibits CNV 

rAAV vectors have been used to express several different proteins in the eye. This 
example demonstrates that AAV-mediated intraocular gene transfer of pigment epithelium- 
derived factor (PEDF) inhibits the development of CNV in a murine model. 

C57BL/6 mice were given intravitreous or subretinal injections of a PEDF expression 
construct packaged in an AAV vector (AAV-CBA-PEDF) or control vector (AAV-CBA-GFP). 
After 4 or 6 weeks, Bruch's membrane was ruptured by laser photocoagulation at three sites in 
each eye. After 14 days, the area of CNV at each rupture site was measured by image analysis. 
Intraocular levels of PEDF were measured by enzyme-linked immunoabsorbant assay. 

Four to six weeks after intraocular injection of AAV-CBA-PEDF, levels or PEDF in 
whole eye homogenates were 6 - 70 ng, significantly above control levels. The average area of 
CNV at sites of Bruch's membrane rupture showed no significant difference in eyes injected 
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with AAV-CBA-PEDF compared to uninjected eyes. In contrast, 4-6 weeks after intraocular 
injection of 1.5 x 10 9 or 2.0 x 10 10 particles of AAV-CBA-PEDF, the area of CNV at Bruch's 
membrane rupture sites was significantly decreased compared to CNV area at rupture sites in 
eyes injected with AAV-CBA-GFP or uninjected eyes. 

These data suggest that intraocular expression of PEDF or other antiangiogenic proteins 
with AAV vectors provide new treatment approaches for ONV. 

5.2.1 Materials and Methods 

5.2.1.1 Production of rAAV Vectors Expressing PEDF 

Cloning of human PEDF has been previously described (Mori et al, 2001a). 
Recombinant AAV constructs were based on the pTR-UF (Zolotukhin et al, 1996), a viral 
vector plasmid in which an expression cassette, consisting of a CMV enhancer and a truncated 
CBA promoter-exon 1-intron 1, and a poliovirus internal ribosome entry sequence precede the 
PEDF cDNA and a SV40 polyadenylation site follows it. The entire construct is flanked by 
inverted terminal repeat sequences from AAV-2. AAV-CBA-PEDF vector titers were 
1.5 x 10 12 or 2.0 x 10 13 particles/ml. The control vector (UF12) was constructed identically 
except that the PEDF coding region was not inserted. It was used at 2.4 x 10 12 or 4.0 x 10 12 
particles/ml. Contaminating helper Adenovirus and wild type AAV, assayed by serial dilution 
cytopathic effects or infectious centers respectively, were lower than our detection limit of six 
orders of magnitude below recombinant AAV vector titers. 

5.2.1.2 Mouse Model of Laser-Induced CNV 

Adult C57BL/6 mice were given either an intravitreous injection of UF12 or AAV- 
CBA-PEDF by previously published techniques (Mori et al, 2001a). Intravitreous injections 
were done with a Harvard pump microinjection apparatus and pulled glass micropipets. Each 
micropipet was calibrated to deliver 1 ul of vehicle containing the appropriate number of viral 
particles upon depression of a foot switch. The mice were anesthetized, pupils were dilated, and 
under a dissecting microscope, the sharpened tip of the micropipet was passed through the sclera 
just behind the limbus into the vitreous cavity and the foot switch was depressed. Subretinal 
injections were performed using a condensing lens system on the dissecting microscope, which 
allowed visualization of the retina during the injection. The pipette tip was passed through the 
sclera posterior to the limbus and was positioned just above the retina. Depression of the foot 
switch caused the jet of injection fluid to penetrate the retina. The blebs were quite uniform in 
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size and in each case two of the laser bums were encompassed by the bleb and one was outside 
the region of the bleb. 

Two independent experiments were performed. In the first, mice were given 
intravitreous or subretinal injection of 1 ul containing 1.5 x 10 9 particles of AAV-CBA-PEDF 
or 4.0 x 10 9 particles of control vector, and then 4 weeks after injection, Bruch's membrane was 
ruptured with laser photocoagulation at three locations in each eye. Some mice were not treated 
with laser photocoagulation and were sacrifice to measure ocular PEDF levels by ELISA. In the 
second experiment, mice were given intravitreous or subretinal injection of 1 ul containing 
2.4 x 10 9 particles of control vector or 2.0 x 10 10 particles of AAV-CBA-PEDF, and then 6 
weeks after injection, Bruch's membrane was ruptured by laser photocoagulation at three sites 
in each eye as previously described (Tobe et al, 1998). Briefly, laser photocoagulation (532 nm 
wavelength, 100 um spot size, 0.1 seconds duration, and 120 mW intensity) was delivered using 
the slit lamp delivery system and a hand-held cover slide as a contact lens. Burns were 
performed in the 9, 12, and 3 o'clock positions 2-3 disc diameters from the optic nerve. 
Production of a vaporization bubble at the time of laser, which indicates rupture of Bruch's 
membrane, is an important factor in obtaining CNV (Tobe et al, 1998a), so only burns in which 
a bubble was produced were included in the study. 

5.2.1.3 Measurement of the Sizes of Laser-Induced CNV Lesions 

Two weeks after laser treatment, the sizes of CNV lesions were measured in choroidal 
fiat mounts (Edelman and Castro, 2000). Mice used for the fiat mount technique were 
anesthetized and perfused with 1 ml of phosphate-buffered saline containing 50 mg/ml of 
fluorescein-labeled dextran (2xl0 6 average mw, Sigma, St. Louis, MO) as previously 
described (Tobe et al, 1998b). The eyes were removed and fixed for 1 hr in 10% phosphate- 
buffered formalin. The cornea and lens were removed and the entire retina was carefully 
dissected from the eyecup. Radial cuts (4-7, average 5) were made from the edge to the equator 
and the eyecup was flat mounted in Aquamount with the sclera facing down. Flat mounts were 
examined by fluorescence microscopy on an Axioskop microscope (Zeiss, Thornwood, NY) 
and images were digitized using a 3-color CCD video camera (IK-TU40A, Toshiba, Tokyo, 
Japan) and a frame grabber. Image-Pro Plus software (Media Cybernetics, Silver Spring, MD) 
was used to measure the total area of hyperfiuorescence associated with each burn, 
corresponding to the total fibrovascular scar. The areas within each eye were averaged to give 
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one experimental value and mean values were calculated for each treatment group and 
compared by Student's unpaired f-test. 

Some mice were sacrificed two weeks after laser treatment and eyes were rapidly 
removed and frozen in optimum cutting temperature embedding compound (OCT; Miles 
Diagnostics, Elkhart, IN). Frozen serial sections (10 urn) were cut through the entire extent of 
each burn and histochemically stained with biotinylated Griffonia simplicifolia lectin B4 (GSA; 
Vector Laboratories, Burlingame, CA), which selectively binds vascular cells. Slides were 
incubated in methanol/H 2 0 2 for 10 min at 4°C, washed with 0.05 M Tris-buffered saline, pH 7.6 
(TBS), and incubated for 30 min in 10% normal porcine serum. Slides were incubated 2 hr at 
room temperature with biotinylated GSA and, after rinsing with 0.05M TBS, they were 
incubated with avidin coupled to peroxidase (Vector Laboratories) for 45 min at room 
temperature. After a 10 min wash in 0.05M TBS, slides were incubated with HistoMark Red 
(Kirkegaard and Perry, Cabin John, MD) to give a red reaction product that is distinguishable 
from melanin and counterstained with Contrast Blue (Kirkegaard and Perry). 

5.2.1.4 ELISAforPEDF 

Mice were sacrificed and eyes were removed and quick frozen in 100 ul of PBS pH 7.4 
with 0.05% PMSF and homogenized manually on ice using a ground glass tissue homogenizer 
followed by three freeze thaw cycles on liquid nitrogen and wet ice. The homogenate was 
centrifuged in a refrigerated desktop centrifuge to pellet the insoluble material and the 
supernatant was loaded in sample wells for detection by ELISA. PEDF was detected by a 
sandwich ELISA procedure using a biotin-conjugated antibody and HRP-conjugated avidin for 
detection. Rabbit anti-PEDF was coated on 96-well Immulon flat bottom microtiter plates 
(Thermo Labsystems Oy, Helsinki, Finland) in 0.1 M NaHC0 3 overnight at 4°C. The wells 
were blocked with 10% fetal bovine serum in PBS pH 7.4 for 2 hr at 37°C. PEDF protein 
standards and eye extract samples were loaded as 100 pi aliquots into wells and the plate was 
kept overnight at 4°C. Detection consisted of a secondary mouse polyclonal anti-PEDF 
followed by a biotin-conjugated rat anti-mouse IgG (ICN Biomedicals, Costa Mesa, CA) and 
HRP conjugated avidin (Pharmingen, San Diego, CA). Each step of detection was conducted 
with plate agitation at room temperature for 1-2 hr and the plate was washed 5 times between 
steps. TMB peroxidase substrate system (Kierkegaard & Perry) was allowed to reach fully 
developed color, usually 30 min, before stopping the reaction with 1 M H 3 P0 4 . The plates were 
read in an automated microplate reader at 450 nm. 
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5.2.2 Results 

5.2.2.1 PEDF is Expressed in Mouse Eyes 4 or 6 Weeks After Intravitreous or 

SUBRETINAL INJECTION OF AAV-CBA-PEDF 

Mice given an intravitreous or subretinal injection of AAV-CBA-PEDF showed levels 
of human PEDF ranging from 20-70 ng/eye 4 weeks after the injection. In a second series of 
mice, the range of PEDF was 6-30 ng/eye 6 weeks after intravitreous or subretinal injection of 
vector. All mice given intravitreous or subretinal injections of control vector had undetectable 
levels of PEDF. Given the variability from injection to injection, these ranges of PEDF are 
likely to be the same at 4 and 6 weeks postinjection and they are well above background levels 
observed in control eyes. Subretinal and intravitreous injection of PEDF vector produced 
similar and overlapping levels of protein expression. 

5.2.2.2 Intravitreous or Subretinal Injections of CBA-PEDF Reduces Laser- 
Induced CNV 

Representative flat mounts and cross-sections were prepared from the group of mice 
treated with laser 6 weeks after vector injection. These results showed smaller CNV lesions in 
eyes injected with AAV-CBA-PEDF compared to eyes injected with control vector. C57BL/6 
mice were given an intravitreous or subretinal injection of control vector or AAV-CBA-PEDF. 
Six weeks after injection, Bruch's membrane was ruptured with laser photocoagulation at 3 sites 
in each eye. Two weeks after rupture of Bruch's membrane, the mice were perfused with 
fluorescein-labeled dextran and choroidal flat mounts were prepared or eyes were frozen and 
serial sections were stained with Griffonia simplicifolia lectin B4, which stains vascular cells, 
and counterstained with hematoxylin and eosin. Fluorescence microscopy showed: (1) a large 
CNV lesion at a Bruch's membrane rupture site in an eye that did not receive any injections; 
(2) a frozen section through the center of a CNV lesion in another uninjected eye showed a large 
maximum diameter (the lesion was quite thick along the surface of the CNV); (3) a large CNV 
lesion in an eye that received an intravitreous injection of control vector; (4) a frozen section 
through the center of a CNV lesion in another eye that received an intravitreous injection of 
control vector showed a large maximum diameter; (5) a large CNV lesion in an eye that 
received a subretinal injection of control vector; (6) a frozen section through the center of a 
CNV lesion in another eye that received a subretinal injection of control vector showed a large 
maximum diameter; (7) a small area of CNV in an eye that received an intravitreous injection of 
AAV-CBA-PEDF; (8) a frozen section through the center of a CNV lesion in another eye that 
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received an intravitreous injection of AAV-CBA-PEDF showed a small maximum diameter; 

(9) a small area of CNV in an eye that received a subretinal injection of AAV-CBA-PEDF; and 

(10) a frozen section through the center of a CNV lesion in another eye that received a subretinal 
injection of AAV-CBA-PEDF showed a small maximum diameter. 

Mice that did not receive an intraocular injection showed large areas of CNV at sites of 
rupture of Bruch's membrane. Control mice that received an intravitreous or subretinal 
injection of 2.4 x 10 9 particles of UF12, showed areas of CNV that were very similar to those 
seen in uninjected mice. Mice that received an intravitreous or subretinal injection of 2 x 10 10 
particles of AAV-CBA-PEDF, showed visibly smaller areas of CNV compared to uninjected 
mice or mice injected with UF12. 

Measurement of the area of CNV by image analysis in each of the groups, showed that 
there was no significant difference between the mean area in uninjected mice and mice given an 
intravitreous or subretinal injection of empty virus (FIG. 2A and FIG. 2B). Mice treated with 
laser 4 (FIG. 2A) or 6 weeks (FIG. 2B) after intravitreous or subretinal injection of AAV-CBA- 
PEDF showed significantly smaller mean areas of CNV compared to uninjected mice or mice 
injected with control vector. 

The ocular levels of PEDF after gene transfer that resulted in inhibition of CNV are 
likely to be above the therapeutic level for inhibition of CNV. The demonstration that AAV- 
mediated intraocular expression of PEDF reduces CNV at sites of rupture of Bruch's membrane 
is important regarding practical aspects of treatment development. Patients with age-related 
macular degeneration (AMD) are at risk for the development of CNV for many years and long- 
term treatment is needed. Prolonged intraocular transgene expression has been achieved with 
AAV vectors and therefore, they may provide the sustained intraocular production of 
antiangiogenic proteins that is likely to be needed to counter chronic production of angiogenic 
stimuli. 

The results obtained in the present invention indicate that PEDF is a particularly 

appealing therapeutic candidate for patients with AMD. While CNV is the major cause of 

severe visual loss in patients with AMD, most moderate loss of vision is due to death of 

photoreceptors and retinal pigmented epithelial (RPE) cells. PEDF was first identified as a 

component of conditioned media of cultured fetal RPE cells that causes neurite outgrowth of 

Y79 retinoblastoma cells (Tombran-Tink et al, 1991; Steele et al, 1993). Several studies have 

suggested that PEDF has neuroprotective activity (Taniwaki et al, 1995; Araki et al, 1998; 

DeCoster et al, 1999; Bilak et al, 1999; Cao et al, 1999; Houenou et al, 1999, including 

protection of photoreceptors separated from the RPE from degeneration and loss of opsin 
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immunoreactivity (Jablonski et at, 2000). Therefore, long-term AAV-mediated expression of 
PEDF in the eyes of patients with early AMD may slow progression of the degeneration as well 
as reduce the likelihood of CNV. 

In rodents, AAV-mediated expression of proteins in the eye appears to occur for the 
entire life of the animal. While such long-term expression is an advantage on one hand, it also 
raises certain questions about the choice of inducible or constitutive expression of the 
therapeutic polypeptide delivered using the AAV vectors disclosed herein. For example, if 
chronic expression of an antiangiogenic agent in the eye has some unsuspected deleterious 
effect, it may not be possible to halt the expression. Use of promoter systems that allow 
inducible expression could provide a safety net until the effects of long-term expression of 
PEDF in the eye are better understood. In any case, the demonstration herein that AAV- 
mediated expression of PEDF in the eye inhibits CNV is an important step in the development 
of antiangiogenic gene therapy for patients with AMD. 

6. Illustrative Polypeptide and Polynucleotide Sequences Useful in the 
Practice of the Present Invention 

6.1 PEDF Polypeptide and Polynucleotide Sequences 

6.1.1 Human PEDF 

Human PEDF Polypeptide (SEQ ID NO:l) 

MQALVLLLCIGALLGHSSCQNPASPPEEGSPDPDSTGALVEEEDPFFKVPVNKLAAAVSNFG 

YDL YRVRS SMS PTTNVLLS PLS VATALSALSLGADERTE S I IHRAL YYDL ISSPD IHGTYKE 

LLDTVTAPQKNLKSASRIVFEKKLRIKSSFVAPLEKSYGTRPRVLTGNPRLDLQEINNWVQA 

OMKGKLARSTKE I PDE I S ILLLGVAHFKGQWVTKFDSRKTSLEDF YLDEERTVRVPMMSDPK 

AVLRYGLDSDLSCKIAQLPLTGSMSIIFFLPLKVTQNLTLIEESLTSEFIHDIDRELKTVQA 

VLTVPKLKLSYEGEVTKSLQEMKLQSLFDSPDFSKITGKPIKLTQVEHRAGFEWNEDGAGTT 

PSPGLQPAHLTFPLDYHLNQPFIFVLRDTDTGALLFIGKILDPRGP 

DNA Encoding Human PEDF (SEQ ID NO: 19) 

ATGCAGGCCCTGGTGCTACTCCTCTGCATTGGAGCCCTCCTCGGGCACAGCAGCTGCCAGAA 
CCCTGCCAGCCCCCCGGAGGAGGGCTCCCCAGACCCCGACAGCACAGGGGCGCTGGTGGAGG 
AGGAGGATCCTTTCTTCAAAGTCCCCGTGAACAAGCTGGCAGCGGCTGTCTCCAACTTCGGC 
TATGACGTGTACCGGGTGCGATCCAGCATGAGCCCCACGACCAACGTGCTCCTGTCTCCTCT 
CAGTGTGGCCACGGCCCTCTCGGCCCTCTCGCTGGGAGCGGAGCAGCGAACAGAATCCATCA 
TTCACCGGGCTCTCTACTATGACTTGATCAGCAGCCCAGACATCCATGGTACCTATAAGGAG 
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CTCCTTGACACGGTCACTGCCCCCCAGAAGAACCTCAAGAGTGCCTCCCGGATCGTCTTTGA 
GAAGAAGCTRCGCATAAAATCCAGCTTTGTGGCACCTCTGGAAAAGTCATATGGGACCAGGC 
CCAGAGTCCTGACGGGCAACCCTCGCTTGGACCTGCAAGAGATCAACAACTGGGTGCAGGCG 
CAGATGAAAGGGAAGCTCGCCAGGTCCACAAAGGAAATTCCCGATGAGATCAGCATTCTCCT 
TCTCGGTGTGGCGCACTTCAAGGGGCAGTGGGTAACAAAGTTTGACTCCAGAAAGACTTCCC 
TCGAGGATTTCTACTTGGATGAAGAGAGGACCGTGAGGGTCCCCATGATGTCGGACCCTAAG 
GCTGTTTTACGCTATGGCTTGGATTCAGATCTCAGCTGCAAGATTGCCCAGCTGCCCTTGAC 
CGGAAGCATGAGTATCATCTTCTTCCTGCCCCTGAAAGTGACCCAGAATTTGACCTTGATAG 
AGGAGAGCCTCACCTCCGAGTTCATTCATGACATAGACCGAGAACTGAAGACCGTGCAGGCG 
GTCCTCACTGTCCCCAAGCTGAAGCTGAGTTACGAAGGCGAAGTCACCAAGTCCCTGCAGGA 
GATGAAGCTGCAATCCTTGTTTGATTCACCAGACTTTAGCAAGATCACAGGCAAACCCATCA 
AGCTGACTCAGGTGGAACACCGGGCTGGCTTTGAGTGGAACGAGGATGGGGCGGGAACCACC 
CCCAGCCCAGGGCTGCAGCCTGCCCACCTCACCTTCCCGCTGGACTATCACCTTAACCAGCC 
TTTCATCTTCGTACTGAGGGACACAGACACAGGGGCCCTTCTCTTCATTGGCAAGATTCTGG 
ACCCCAGGGGCCCCTAA 

From PID Accession No: gl 89778 

6.1.2 Bovine PEDF 

Bovine PEDF Polypeptide (SEQ ID NO:2) 
MQALVLLLWTGALLGFGRCQNAGQEAGSLTPESTGAPVEEEDPFFKVPVNKLAAAVSNFGYD 
LYRVRSGESPTANVLLSPLSVATALSALSLGAEQRTESNIHRALYYDLISNPDIHGTYKDLL 
ASWAPQK1TLKSASRIIFERKLRIKASFIPPLEKSYGTRPRILTGNSRVDLQEINNWVQAQM 
KGKVARSTREMPSE I S I FLLGVAYFKGQWVTKFDSRKTSLEDFYLDEERTVKVPMMSDPQAV 
LRYGLDSDLNCKIAQLPLTGSTSIIFFLPQKVTQNLTLIEESLTSEFIHDIDRELKTVQAVL 
TIPKLKLSYEGELTKSVQELKLQSLFDAPDFSKITGKPIKLTQVEHRVGFEWNEDGAGTNSS 
PGVQ PARLT F PLD YHLNQ P F I FVLRDTDTGALLF I GK ILDPRGT 

DNA Encoding Bovine PEDF (SEQ ID NO:20) 
ATGCAGGCCCTCGTGCTACTCCTCTGGACTGGAGCCCTGCTTGGGTTTGGCCGCTGCCAGAA 
CGCCGGCCAGGAGGCGGGCTCTCTGACCCCTGAGAGCACGGGGGCACCAGTGGAGGAAGAGG 
ATCCCTTCTTCAAGGTCCCTGTGAACAAGCTGGCGGCAGCGGTCTCCAACTTCGGCTACGAC 
CTGTACCGCGTGAGATCCGGTGAGAGCCCCACCGCCAATGTGCTGCTGTCTCCGCTCAGCGT 
GGCCACGGCGCTCTCTGCCCTGTCGCTGGGTGCGGAACAGCGGACAGAATCCAACATTCACC 
GGGCTCTGTACTACGACCTGATCAGTAACCCAGACATCCACGGCACCTACAAGGACCTCCTT 
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GCCTCCGTCACCGCCCCCCAGAAGAACCTTAAGAGTGCTTCCCGGATTATCTTTGAGAGGAA 
GCTGCGGATAAAAGCCAGCTTCATCCCACCCCTGGAGAAGTCATATGGGACCAGGCCCAGAA 
TCCTGACCGGCAACTCTCGAGTAGACCTTCAGGAGATTAACAACTGGGTGCAGGCCCAGATG 
AAAGGGAAAGTCGCTAGGTCCACGAGGGAGATGCCCAGTGAGATCAGCATTTTCCTCCTGGG 
CGTGGCTTACTTCAAGGGGCAGTGGGTAACAAAGTTTGACTCCAGAAAAACTTCCCTGGAGG 
ATTTCTACTTGGATGAGGAGAGGACCGTGAAAGTCCCCATGATGTCAGACCCTCAGGCCGTT 
TTACGGTACGGCTTGGATTCTGATCTCAACTGCAAGATCGCCCAGCTGCCCTTGACCGGGAG 
CACAAGTATCATCTTCTTCCTGCCTCAGAAAGTGACCCAGAACTTGACCTTGATAGAAGAGA 
GCCTCACCTCTGAGTTCATTCATGACATAGACCGAGAACTGAAGACTGTTCAGGCGGTCCTG 
ACCATTCCCAAGCTGAAGCTGAGTTATGAAGGCGAACTCACGAAGTCCGTGCAGGAGCTGAA 
GCTGCAATCCCTGTTTGATGCACCAGACTTTAGCAAGATCACAGGCAAACCTATCAAACTTA 
CTCAAGTGGAACATCGCGTCGGATTTGAGTGGAATGAGGATGGGGCGGGTACTAACTCCAGC 
CCAGGGGTCCAGCCTGCCCGCCTCACCTTCCCTCTGGACTATCACCTTAACCAACCTTTCAT 
CTTTGTACTGAGGGACACAGACACAGGGGCCCTTCTCTTCATAGGCAAAATTCTGGACCCCA 
GGGGCACTTAG 

From PID Accession No. g296 1474 

6.1.3 Murine PEDF 

Murine PEDF Polypeptide (SEQ ID NO:3) 
MQALVLLLWTGALLGHGSSQNVPSSSEGSPVPDSTGEPVEEEDPFFKVPVNKLAAAVSNFGY 
DLYRLRSSASPTGNVLLSPLSVATALSALSLGAEHRTESVIHRALYYDLITNPDIHSTYKEL 
LASVTAPEKNLKSASRIVFERKLRVKSSFVAPLEKSYGTRPRILTGNPRVDLQEINWWVQAQ 
MKGKIARSTREMPSALSILLLGVAYFKGQWVTKFDSRKTTLQDFHLDEDRTVRVPMMSDPKA 
ILRYGLDSDLNCKIAQLPLTGSMSIIFFLPLAVTQNLTMIEESLTSEFIHDIDRELKTIQAV 
LTVPKLKLSFEGELTKSLQDMKLQSLFESPDFSKITGKPVKLTQVEHRAAFEWNEEGAGSSP 
SPGLQPVRLTFPLDYHLNQPFLFVLRDTDTGALLFIGRILDPSST 

DNA Encoding Murine PEDF (SEQ ID NO:21) 

ATGCAGGCCCTGGTGCTACTCCTCTGGACTGGAGCCCTGCTCGGGCACGGCAGCAGCCAGAAC 
GTCCCCAGCAGCTCTGAGGGCTCCCCAGTCCCGGACAGCACGGGCGAGCCGTGGAGGAGGAG 
GAC CCCTTCTT CAAGGT CC CTGTGAACAAGCTGGCAGCAGCTGTCTCCAACTTCGGCTACGAT 
CTGTACCGCCTGAGATCCAGTGCCAGCCCAACGGGCAACGTCCTGCTGTCTCCACTCAGCGTG 
GCCACGGCCCTCTCTGCCCTTTCTCTGGGAGCTGAACATCGAACAGAGTCTGTCATTCACCGG 
GCTCTCTACTACGACCTGATCACCAACCCTGACATCCACAGCACCTACAAGGSCTCCTTGCC 
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TCTGTTACTGCCCCTGAGAAGAACCTCAAGAGTGCTTCCAGAATTGTGTTTGAGAGGAAACTT 
CGAGTCAAATCCAGCTTTGTTGCCCCTCTGGAGAAGTCCTATGGGACCAGGCCCCGGATCCTC 
ACGGGCAACCCTCGAGTAGACCTTCAGGAGATTAACAACTGGGTGCAGGCCCAGATGAAAGGG 
AAGATTGCCCGGTCCACGAGGGAAATGCCCAGTGCCCTCAGCATCCTTCTCCTTGGGTGGCT 
TACTTCAAGGGGCAGTGGGTAACCAAGTTTGACTCGAGAAAGACGACCCTCCAGGATTTTCAT 
TTGGACGAGGACAGGACCGTGAGAGTCCCCATGATGTCAGATCCTAAGGCCATCTTACGATAC 
GGCTTGGACTCTGATCTCAACTGCAAGATTGCCCAGCTGCCCTTGACAGGAAGTATGAGCATC 
ATCTTCTTCCTGCCCCTGACCGTGACCCAGAACTTGACCATGATAGAAGAGAGCCTCACCTT 
GAGTTCATTCATGACATCGACCGAGAACTGAAGACTATCCAAGCTGTGCTGACTGTCCCCAAG 
CTGAAGCTGAGCTTCGAAGGCGAACTTACCAAGTCTCTGCAGGACATGAAGCTACAGTCGTTG 
TTTGAATCACCCGACTTCAGCAAGATTACTGGCAAACCCGTGAAGCTCACCCAAGTGGAACAC 
AGGGCTGCTTTCGAGTGGAATGAAGAGGGGGCAGGAAGCAGCCCCAGCCCAGGCCTCCAGCCC 
GTCCGCCTCACCTTCCCGCTAGACTATCACCTTAACCAACCTTTCCTCTTTGTTCTGAGGGAC 
ACGGACACGGGGGGCCTCCTCTTCATAGGCAGAATCCTGGACCCCAGTAGCACTTAA 
From PED Accession No. gl 747298 

6.2 , Human Angiostatin Polypeptide Sequence 

Human Angiostatin Polypeptide (SEQ ID NO:4) 
MEHKEWLLLLLFLKSGQGEPLDDYWTQGASLFSVTKKQLGAGSIEECAAKCEEDEEFTCR 
AFQYHSKEQQCVIMAENRKSSI I IRMRDWLFEKKVYLSECKTGNGKNYRGTMSKTKNGITC 
QKWSSTSPHRPRFSPATHPSEGLEENYCRNPDNDPQGPWCYTTDPEKRYDYCDILECEEECM 
HCSGENYDGKI S KTMS GLE CQAWD S QS PHAHGY I PSKFPNKNLKKNYCRNPDRELRPWCFTT 
DPNKRWELCDIPRCTTPPPSSGPTYQCLKGTGENYRGNVAVTVSGHTCQHWSAQTPHTHNRT 
PENFPCKNLDENYCRNPDGKRAPWCHTTNSQVRWEYCKIPSCDSSPVSTEQLAPTAPPELTP 
WQDCYHGDGQSYRGTSSTTTTGKKCQSWSSMTPHRHQKTPENYPNAGLTMNYCRNPDADKG 
PWCFTTDPSVRWEYCNLKKCSGTEASWAPPPWLLPDVETPSEED 

From PID Accession No. G130316 

6.3 Endostatin Polypeptide and Polynucleotide Sequences 
6.3.1 Human Endostatin 

Human Endostatin Polypeptide (SEQ ID NO:5) 
MHSHRDFQPVLHLVALNSPLSGGMRGIRGADFQCFQQARAVGLAGTFRAFLSSRLQDLYSIV 
RRADRAAVPIVNLKDELLFPSWEALFSGSEGPLKPGARIFSFNGKDVLTHPTWPQKSVWHGS 
DPNGRRLTESYCETWRTEAPSATGQAYSLLGGRLLGQSAASCHHAYIVLCIENSFMTASK 
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DNA Encoding Human Endostatin (SEQ ID NO:22) 
ATGCACAGCCACCGCGACTTCCAGCCGGTGCTCCACCTGGTTGCGCTCAAGAGCCCCCTGTC 
AGGCGGCATGCGGGGCATCCGCGGGGCCGACTTCCAGTGCTTCCAGCAGGCGCGGGCCGTGG 
GGCTGGCGGGCACCTTCCGCGCCTTCCTGTCCTCGCGCCTGCAGGACCTGTACAGCATCGTG 
CGCCGTGCCGACCGCGCAGCCGTGCCCATCGTCAACCTCAAGGACGAGCTGCTGTTTCCCAG 
CTGGGAGGCTCTGTTCTCAGGCTCTGAGGGTCCGCTGAAGCCCGGGGCACGCATCTTCTCCT 
TTAACGGCAAGGACGTCCTGACCCACCCCACCTGGCCCCAGAAGAGCGTGTGGCATGGCTCG 
GACCCCAACGGGCGCAGGCTGACCGAGAGCTACTGTGAGACGTGGCGGACGGAGGCTCCCTC 
GGCCACGGGCCAGGCCTACTCGCTGCTGGGGGGCAGGCTCCTGGGGCAGAGTGCCGCGAGCT 
GCCATCACGCCTACATCGTGCTATGCATTGAGAACAGCTTCATGACTGCCTCCAAGTAG 

From GenBank Accession No. AF1 84060 (Zhi-Hong et al, 1999) 

6.3.2 Murine Endostatin 

Murine Endostatin Polypeptide (SEQ ID NO:6) 
HTHQDFQPVLHLVALNTPLSGGMRGIRGADFQCFQQARAVGLSGTFRAFLSSRLQDLYSIVR 
RADRGSVPIVNLKDEVLSPSWDSLFSGSQGQLQPGARIFSFDGRDVLRHPAWPQKSVWHGSD 
PSGRRLMESYCETWRTETTGATGQASSLLSGRLLEQKAASCHNSYIVLCIENSFMTSFSK 

DNA Encoding Murine Endostatin (SEQ ID NO:23) 
CATACTCATCAGGACTTTCAGCCAGTGCTCCACCTGGTGGCACTGAACACCCCCCTGTCTGG 
AGGCATGCGTGGTATCCGTGGAGCAGATTTCCAGTGCTTCCAGCAAGCCCGAGCCGTGGGGC 
TGTCGGGCACCTTCCGGGCTTTCCTGTCCTCTAGGCTGCAGGATCTCTATAGCATCGTGCGC 
CGTGCTGACCGGGGGTCTGTGCCCATCGTCAACCTGAAGGACGAGGTGCTATCTCCCAGCTG 
GGACTCCCTGTTTTCTGGCTCCCAGGGTCAACTGCAACCCGGGGCCCGCATCTTTTCTTTTG 
ACGGCAGAGATGTCCTGAGACACCCAGCCTGGCCGCAGAAGAGCGTATGGCACGGCTCGGAC 
CCCAGTGGGCGGAGGCTGATGGAGAGTTACTGTGAGACATGGCGAACTGAAACTACTGGGGC 
TACAGGTCAGGCCTCCTCCCTGCTGTCAGGCAGGCTCCTGGAACAGAAAGCTGCGAGCTGCC 
ACAACAGCTACATCGTCCTGTGCATTGAGAATAGCTTCATGACCTCTTTCTCCAAA 

From GenBank Accession No. AF257775 

6.4 TIMP3 Polypeptide and Polynucleotide Sequences 
6.4.1 Bovine TIMP3 

Bovine TIMP3 Polypeptide (SEQ ID NO:7) 
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MTPWLGLWLLGSWSLGDWGAEACTCSPSHPQDAFCNSDIVIRAKWGKKLLKEGPFGTMVY 
T I KQMKMYRGFTKMPHVQY I HTEASESLCGLKLEVNKYQYLLTGRVYDGKMYTGLCNFVERW 
DQLTLSQRKGLNYRYHLGCNCKIKSCYYLPCFVTSKNECLWTDMFSWFGYPGYQSKHYACIR 
QKGGYCSWYRGWAPPDKS I INATDP 

DNA Encoding Bovine TIMP3 (SEQ ID NO:24) 

TGCACATGCTCGCCTAGCCACCCCCAGGACGCGTTCTGCAACTCAGACATCGTGATCCGAGC 
CAAGGTGGTAGGGAAGAAACTGCTGAAGGAGGGGCCCTTTGGCACGATGGTCTACACCATCA 
AGCAGATGAAGATGTACCGAGGATTCACCAAGATGCCCCATGTGCAGTACATCCACACAGAA 
GCTTCTGAAAGTCTCTGTGGCCTTAAGCTTGAGGTCAACAAGTACCAGTACCTGCTGACAGG 
CCGAGTCTATGATGGCAAGATGTACACAGGACTGTGTAACTTTGTAGAGAGGTGGGACCAGC 
TCACGCTCTCCCAGCGCAAGGGGCTGAACTATCGATATCACCTGGGCTGTAACTGCAAGATC 
AAATCCTGCTACTACCTGCCTTGCTTTGTAACCTCCAAGAACGAGTGTCTCTGGACCGACAT 
GTTCTCCAATTTCGGCTACCCTGGCTACCAGTCCAAACACTACGCTTGCATCCGGCAGAAGG 
GTGGCTACTGTAGCTGGTACCGAGGATGGGCACCCCCGGACAAAAGCATCATCAATGCCACA 
GACCCCTGA 

From GenBank Accession No. NM_1 74473 (Criado et al, "Primary structure of an 
agonist binding subunit of the nicotinic acetylcholine receptor from bovine adrenal 
chromaffin cells," Neurochem. Res., 17(3):281-287, 1992). 

6.4.2 RAT TIMP3 

Rat TIMP3 Polypeptide (SEQ ID NO:8) 
MTPWLGLWLLSCWSLGHWGTEACTCSPSHPQDAFCNSDIVIRAKWGKKLVKEGPFGTLVY 
T I KQMKMYRGFSKMPHVQYIHTEASESLCGLKLEVNKYQYLLTGRVYEGKMYTGLCNFVERW 
DHLTLSQRKGLNYRYHLGCNCKIKSCYYLPCFVTSKKECLWTDMLSNFGYPGYQSKHYACIR 
QKGGYCSWYRGWAPPDKS I SNATDP 

DNA Encoding Rat TIMP3 (SEQ ID NO:25) 
ATGACTCCCTGGCTTGGGCTTGTCGTGCTCCTGAGCTGCTGGAGCCTTGGGCACTGGGGAAC 
GGAAGCGTGCACATGCTCGCCCAGCCATCCCCAGGATGCCTTCTGCAACTCCGACATCGTGA 
TCCGGGCCAAAGTGGTGGGAAAGAAGCTGGTGAAGGAAGGGCCCTTTGGCACTCTGGTCTAC 
ACTATTAAGCAAATGAAGATGTACCGAGGATTCAGTAAGATGCCCCATGTGCAGTACATTCA 
CACGGAAGCCTCTGAAAGTCTCTGTGGCCTTAAGCTAGAAGTCAACAAATACCAGTACCTGC 
TGACAGGGCGCGTGTATGAAGGCAAGATGTACACAGGGCTGTGCAACTTTGTGGAGAGGTGG 
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GACCACCTCACACTGTCCCAGCGCAAGGGCCTCAATTACCGCTACCACCTGGGTTGCAATTG 
CAAGATCAAGTCCTGCTACTACTTGCCTTGCTTTGTGACCTCCAAGAAAGAATGTCTCTGGA 
CCGACATGCTCTCCAATTTCGGGTACCCTGGCTATCAGTCCAAACACTACGCCTGCATCCGG 
CAGAAGGGTGGCTACTGCAGCTGGTACCGAGGATGGGCCCCCCCAGACAAGAGCATCAGCAA 
TGCCACAGACCCCTGA 

From GenBank Accession No. NM_012886 (Tanaka et al, "Clinical consideration 
with special reference to autopsy cases of malignant tumor in the oral cavity, treated with 
Bleomycin," Hiroshima Daigaku Shigaku Zasshi, 8(2):168-175, 1975). 

6.5 sFLT Polypeptide and Polynucleotide Sequences 
6.5.1 Human sFLT 

Human SFLT1 Polypeptide (SEQ ID NO:9) 
MVSYWDTGVLLCALLSCLLLTGSSSGSKLKDPELSLKGTQHIMQAGQTLHLQCRGEAAHKWS 
LPEMVSKESERLSITKSACGRNGKQFCSTLTLNTAQANHTGFYSCKYLAVPTSKKKETESAI 
YIFISDTGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLKKFPLDTLIPDGKRIIW 
DSRKGF I I SNATYKE I GLLTCEATVNGHLYKTNYLTHRQTNTI I DVQ I STPRPVKLLRGHTL 
VLNCTATTPLNTRVQMTWSYPDEKNKRASVRRRIDQSNSHANIFYSVLTIDKMQNKDKGLYT 
CRVRSGPSFKSVNTSVHIYDKAFITVKHRKQQVLETVAGKRSYRLSMKVKAFPSPEWWLKD 
GLPATEKS ARYLTRGYSL I I KDVTEEDAGNYT I LLS I KQSNVFKNLTATL I VNVKPQ I YEKA 
VSSFPDPALYPLGSRQILTCTAYGIPQPTIKWFWHPCNHNHSEARCDFCSNWEESFILDADS 
NMGNR I E S I TQRMAI I E GKNKMAS TLWADSR I SG I Y I C I ASNKVGT VGRN I S F Y I TDVPNG 
FHVNLEKMPTEGEDLKLS CTVNKFLYRDVTWILLRTVNNRTMHYS I SKQKMAI TKEHS I TLN 
LTIMNVSLQDSGTYACRARNVYTGEEILQKKEITIRGEHCNKKAVFSRISKFKSTRNDCTTQ 
SNVKH 

DNA Encoding Human SFLT1 (SEQ ID NO:26) 
ATGGTCAGCTACTGGGACACCGGGGTCCTGCTGTGCGCGCTGCTCAGCTGTCTGCTTCTCAC 
AGGATCTAGTTCAGGTTCAAAATTAAAAGATCCTGAACTGAGTTTAAAAGGCACCCAGCACA 
TCATGCAAGCAGGCCAGACACTGCATCTCCAATGCAGGGGGGAAGCAGCCCATAAATGGTCT 
TTGCCTGAAATGGTGAGTAAGGAAAGCGAAAGGCTGAGCATAACTAAATCTGCCTGTGGAAG 
AAATGGCAAACAATTCTGCAGTACTTTAACCTTGAACACAGCTCAAGCAAACCACACTGGCT 
TCTACAGCTGCAAATATCTAGCTGTACCTACTTCAAAGAAGAAGGAAACAGAATCTGCAATC 
TATATATTTATTAGTGATACAGGTAGACCTTTCGTAGAGATGTACAGTGAAATCCCCGAAAT 
TATACACATGACTGAAGGAAGGGAGGTCGTCATTCCCTGCCGGGTTACGTCACCTAACATCA 
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CTGTTACTTTAAAAAAGTTTCCACTTGACACTTTGATCCCTGATGGAAAACGCATAATCTGG 
GACAGTAGAAAGGGCTTCATCATATCAAATGCAACGTACAAAGAAATAGGGCTTCTGAGCTG 
TGAAGCAACAGTCAATGGGCATTTGTATAAGACAAACTATCTCACACATCGACAAACCAATA 
CAATCATAGATGTCCAAATAAGCACACCACGCCCAGTCAAATTACTTAGAGGCCATACTCTT 
GTCCTCAATTGTACTGCTACCACTCCCTTGAACACGAGAGTTCAAATGACCTGGAGTTACCC 
TGATGAAAAAAATAAGAGAGCTTCCGTAAGGCGACGAATTGACCAAAGCAATTCCCATGCCA 
ACATATTCTACAGTGTTCTTACTATTGACAAAATGCAGAACAAAGACAAAGGACTTTATACT 
TGTCGTGTAAGGAGTGGACCATCATTCAAATCTGTTAACACCTCAGTGCATATATATGATAA 
AGCATTCATCACTGTGAAACATCGAAAACAGCAGGTGCTTGAAACCGTAGCTGGCAAGCGGT 
CTTACCGGCTCTCTATGAAAGTGAAGGCATTTCCCTCGCCGGAAGTTGTATGGTTAAAAGAT 
GGGTTACCTGCGACTGAGAAATCTGCTCGCTATTTGACTCGTGGCTACTCGTTAATTATCAA 
GGACGTAACTGAAGAGGATGCAGGGAATTATACAATCTTGCTGAGCATAAAACAGTCAAATG 
TGTTTAAAAACCTCACTGCCACTCTAATTGTCAATGTGAAACCCCAGATTTACGAAAAGGCC 
GTGTCATCGTTTCCAGACCCGGCTCTCTACCCACTGGGCAGCAGACAAATCCTGACTTGTAC 
CGCATATGGTATCCCTCAACCTACAATCAAGTGGTTCTGGCACCCCTGTAACCATAATCATT 
CCGAAGCAAGGTGTGACTTTTGTTCCAATAATGAAGAGTCCTTTATCCTGGATGCTGACAGC 
AACATGGGAAACAGAATTGAGAGCATCACTCAGCGCATGGCAATAATAGAAGGAAAGAATAA 
GATGGCTAGCACCTTGGTTGTGGCTGACTCTAGAATTTCTGGAATCTACATTTGCATAGCTT 
CCAATAAAGTTGGGACTGTGGGAAGAAACATAAGCTTTTATATCACAGATGTGCCAAATGGG 
TTTCATGTTAACTTGGAAAAAATGCCGACGGAAGGAGAGGACCTGAAACTGTCTTGCACAGT 
TAACAAGTTCTTATACAGAGACGTTACTTGGATTTTACTGCGGACAGTTAATAACAGAACAA 
TGCACTACAGTATTAGCAAGCAAAAAATGGCCATCACTAAGGAGCACTCCATCACTCTTAAT 
CTTACCATCATGAATGTTTCCCTGCAAGATTCAGGCACCTATGCCTGCAGAGCCAGGAATGT 
ATACACAGGGGAAGAAATCCTCCAGAAGAAAGAAATTACAATCAGAGGTGAGCACTGCAACA 
AAAAGGCTGTTTTCTCTCGGATCTCCAAATTTAAAAGCACAAGGAATGATTGTACCACACAA 
AGTAATGTAAAACATTAA 

From GenBank Accession No. U01134 (Kendall and Thomas "Inhibition of 
vascular endothelial cell growth factor activity by an endogenously encoded soluble 
receptor," Proc. Natl. Acad. Sci. USA, 90(22):10705-10709, 1993). 

6.5.2 Murine sFLT 

Murine SFLT1 Polypeptide (SEQ ID NO: 10) 

MVSCWDTAVLPYALLGCLLLTGYGSGSKLKVPELSLKGTQHVMQAGQTLFLKCRGEAA 
HSWSLPTTVSQEDKRLSITPPSACGRDNRQFCSTLTLDTAQANHTGLYTCRYLPTSTS 
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KKKKAE S S I Y I F VSDAGS PF I EMHTD I PKLVHMTEGRQL IIP CRVTS PNVT VTLKKF P 
FDTLTPDGQRI TWDSRRGF 1 I ANATYKE I GLLNCEATWGHLYQTNYLTHRQTNT I LD 
VQ IRPPS PVRLLHGQTLVLNCTATTELNTRVQMSWNYPGKATKRAS IRQRIDRSHSHN 
NVFHSVLKINNVESRDKGLYTCRVKSGSSFQSFNTSVHVYEKGFISVKHRKQPVQETT 
AGRRSYRLSMKVKAFPSPEIVWLKDGSPATLKSARYLVHGYSLIIKDVTTEDAGDYTI 
LLGIKQSRLFKNLTATLIVNVKPQIYEKSVSSLPSPPLYPLGSRQVLTCTVYGIPRPT 
ITWLWHPCHHNHSKERYDFCTENEESFILDPSSNLGNRIESISQRMTVIEGTNKTVST 
LWADSQTPGIYSCRAFNKIGTVERNIKFYVTDVPNGFHVSLEKMPAEGEDLKLSCW 
NKFL YRD I TW I LLRT VNNRTMHHS I SKQRMATTQDYS ITLNLVI KNVSLED S GT YACR 
ARNIYTGEDILRKTEVLVRGEHCGKKAIFSRISKFKSRRNDCTTQSHVKH 

DNA Encoding Murine SFLT1 (SEQ ID NO:27) 
ATGGTCAGCTGCTGGGACACCGCGGTCTTGCCTTACGCGCTGCTCGGGTGTCTGCTTCTCAC 
AGGATATGGCTCAGGGTCGAAGTTAAAAGTGCCTGAACTGAGTTTAAAAGGCACCCAGCATG 
TCATGCAAGCAGGCCAGACTCTCTTTCTCAAGTGCAGAGGGGAGGCAGCCCACTCATGGTCT 
CTGCCCACGACCGTGAGCCAGGAGGACAAAAGGCTGAGCATCACTCCCCCATCGGCCTGTGG 
GAGGGATAACAGGCAATTCTGCAGCACCTTGACCTTGGACACGGCGCAGGCCAACCACACGG 
GCCTCTACACCTGTAGATACCTCCCTACATCTACTTCGAAGAAAAAGAAAGCGGAATCTTCA 
ATCTACATATTTGTTAGTGATGCAGGGAGTCCTTTCATAGAGATGCACACTGACATACCCAA 
ACTTGTGCACATGACGGAAGGAAGACAGCTCATCATCCCCTGCCGGGTGACGTCACCCAACG 
TCACAGTCACCCTAAAAAAGTTTCCATTTGATACTCTTACCCCTGATGGGCAAAGAATAACA 
TGGGACAGTAGGAGAGGCTTTATAATAGCAAATGCAACGTACAAAGAGATAGGACTGCTGAA 
CTGCGAAGCCACCGTCAACGGGCACCTGTACCAGACAAACTATCTGACCCATCGGCAGACCA 
ATACAATCCTAGATGTCCAAATACGCCCGCCGAGCCCAGTGAGACTGCTCCACGGGCAGACT 
CTTGTCCTCAACTGCACCGCCACCACGGAGCTCAATACGAGGGTGCAAATGAGCTGGAATTA 
CCCTGGTAAAGCAACTAAGAGAGCATCTATAAGGCAGCGGATTGACCGGAGCCATTCCCACA 
ACAATGTGTTCCACAGTGTTCTTAAGATCAACAATGTGGAGAGCCGAGACAAGGGGCTCTAC 
ACCTGTCGCGTGAAGAGTGGGTCCTCGTTCCAGTCTTTCAACACCTCCGTGCATGTGTATGA 
AAAAGGATTCATCAGTGTGAAACATCGGAAGCAGCCGGTGCAGGAAACCACAGCAGGAAGAC 
GGTCCTATCGGCTGTCCATGAAAGTGAAGGCCTTCCCCTCCCCAGAAATCGTATGGTTAAAA 
GATGGCTCGCCTGCAACATTGAAGTCTGCTCGCTATTTGGTACATGGCTACTCATTAATTAT 
CAAAGATGTGACAACCGAGGATGCAGGGGACTATACGATCTTGCTGGGCATAAAGCAGTCAA 
GGCTATTTAAAAACCTCACTGCCACTCTCATTGTAAACGTGAAACCTCAGATCTACGAAAAG 
TCCGTGTCCTCGCTTCCAAGCCCACCTCTCTATCCGCTGGGCAGCAGACAAGTCCTCACTTG 
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CACCGTGTATGGCATCCCTCGGCCAACAATCACGTGGCTCTGGCACCCCTGTCACCACAATC 
ACTCCAAAGAAAGGTATGACTTCTGCACTGAGAATGAAGAATCCTTTATCCTGGATCCCAGC 
AGCAACTTAGGAAACAGAATTGAGAGCATCTCTCAGCGCATGACGGTCATAGAAGGAACAAA 
TAAGACGGTTAGCACATTGGTGGTGGCTGACTCTCAGACCCCTGGAATCTACAGCTGCCGGG 
CCTTCAATAAAATAGGGACTGTGGAAAGAAACATAAAATTTTACGTCACAGATGTGCCGAAT 
GGCTTTCACGTTTCCTTGGAAAAGATGCCAGCCGAAGGAGAGGACCTGAAACTGTCCTGTGT 
GGTCAATAAATTCCTGTACAGAGACATTACCTGGATTCTGCTACGGACAGTTAACAACAGAA 
CCATGCACCATAGTATCAGCAAGCAAAAAATGGCCACCACTCAAGATTACTCCATCACTCTG 
AACCTTGTCATCAAGAACGTGTCTCTAGAAGACTCGGGCACCTATGCGTGCAGAGCCAGGAA 
CATATACACAGGGGAAGACATCCTTCGGAAGACAGAAGTTCTCGTTAGAGGTGAGCACTGCG 
GCAAAAAGGCCATTTTCTCTCGGATCTCCAAATTTAAAAGCAGGAGGAATGATTGTACCACA 
CAAAGTCATGTCAAACATTAA 

From GenBank Accession Number D88690 (Finnerty et al, "Molecular cloning of 
murine FLT and FLT4," Oncogene, 8(8):2293-2298, 1993). 

6.6 Biologically- Active VEGF Peptides and Polynucleotide Sequences 
VEGF Exon 6 Peptide (AA121-132 of VEGF) (SEQ ID NO:l 1) 

KGKGQKRKRKKS 

DNA Encoding VEGF Exon 6 Peptide (SEQ ID NO:28) 
AAGGGAAAGGGGCAAAAACGAAAGCGCAAGAAATCC 

VEGF Exon 7 Peptide (AA22-44 of Exon7 and first Cys of Exon8) (SEQ ID NO:12) 
CSCK!NTDSRCKARQLELNERTCRC 

DNA Sequence Encoding VEGF Exon 7 Peptide (SEQ ID NO:29) 
TGTTGCTGCAAAAACACAGACTCGCGTTGCAAGGCGAGGCAGCTTGAGTTAAACGAACGTAC 
TTGCAGATGT 

6.7 Thrombospondin Polypeptide and Polynucleotide Sequences 
Human Thrombospondin Polypeptide (SEQ ID NO: 13) 

MRKGLRATAARCGLGLGYLLQMLVLPALALLSASGTGSAAQDDDFFHELPETPPSDPPEPLP 
HFLIEPEEAYIVKNKPVNLYCKASPATQIYFKCNSEWVHQKDHIVDERVDETSGLIVREVSI 
EISRQQVEELFGPEDYWCQCVAWSSAGTTKSRKAYVRIAYLRKTFEQEPLGKEVSLEQEVLL 
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QCRPPEGIPVAEVEWLKNEDIIDPVEDRNFYITIDHNLIIKQARLSDTANYTCVAKNIVAKR 
KS TTAT V I VYVNGGWS TWTEWS VCNSRCGRGYQKRTRT CTNP APLNGGAF CEGQ S VQK I ACT 
TLCPVDGRWTPWSKWSTCGTECTHWRRRECTAPAPKNGGKDCDGLVLQSKNCTDGLCMQTAP 
DSDDVALYVGIVIAVIVCLAISWVALFVYRKNHRDFESDIIDSSALNGGFQPVNIKAARQD 
LLAVPPDLTSAAAMYRGPVYALHDVSDKIPMTNSPILDPLPNLKIKVYNTSGAVTPQDDLSE 
FTSKLSPQMTQSLLENEALSLKNQSLARQTDPSCTAFGSFNSLGGHLIVPNSGVSLLIPAGA 
IPQGRVYEMYVTVHRKETMRPPMDDSQTLLTPWSCGPPGALLTRPWLTMHHCADPNTEDW 
KILLKNQAAQGQWEDWWGEENFTTPCYIKLDAEACHILTENLSTYALVGHSTTKAAAKRL 
KLAIFGPLCCSSLEYSIRVYCLDDTQDALKEILHLERQTGGQLLEEPKALHFKGSTHNLRLS 
IHDIAHSLWKSKLLAKYQEIPFYHVWSGSQRNLHCTFTLERFSLNTVELVCKLCVRQVEGEG 
QIFQLNCTVSEEPTGIDLPLLDPANTITTVTGPSAFSIPLPIRQKLCSSLDAPQTRGHDWRM 
LAHKLNLDRYLNYFATKSSPTGVILDLWEAQ3STFPDGNLSMLAAVLEEMGRHETWSLAAEGQ 
Y 

DNA Encoding Human Thrombospondin (SEQ ID NO:30) 
ATGAGGAAAGGTCTGCGGGCGACAGCGGCCCGCTGCGGACTGGGACTGGGATACTTGCTGCA 
AATGCTCGTGCTACCTGCCCTGGCCCTGCTCAGCGCCAGCGGCACTGGCTCCGCCGCCCAAG 
ATGATGACTTTTTTCATGAACTCCCAGAAACTTTTCCTTCTGATCCACCTGAGCCTCTGCCA 
CATTTCCTTATTGAGCCTGAAGAAGCTTATATTGTGAAGAATAAGCCTGTGAACCTGTACTG 
TAAAGCAAGCCCTGCCACCCAGATCTATTTCAAGTGTAATAGTGAATGGGTTCATCAGAAGG 
ACCACATAGTAGATGAAAGAGTAGATGAAACTTCCGGTCTCATTGTCCGGGAAGTGAGCATT 
GAGATTTCGCGCCAGCAAGTGGAAGAACTCTTTGGACCTGAAGATTACTGGTGCCAGTGTGT 
GGCCTGGAGCTCCGCGGGTACCACAAAGAGCCGGAAGGCGTATGTGCGCATTGCATATCTAC 
GGAAGACATTTGAGCAGGAACCCCTAGGAAAGGAAGTGTCTTTGGAACAGGAAGTCTTACTC 
CAGTGTCGACCACCTGAAGGGATCCCAGTGGCTGAGGTGGAATGGTTGAAAAATGAAGACAT 
AATTGATCCCGTTGAAGATCGGAATTTTTATATTACTATTGATCACAACCTCATCATAAAGC 
AGGCCCGACTCTCTGATACTGCAAATTACACCTGTGTTGCCAAAAACATTGTTGCCAAGAGG 
AAAAGTACAACTGCCACTGTCATAGTCTATGTCAACGGTGGCTGGTCCACCTGGACGGAGTG 
GTCTGTGTGTAACAGCCGCTGTGGACGAGGGTATCAGAAACGTACAAGGACTTGTACCAACC 
CGGCACCACTCAATGGGGGTGCCTTCTGTGAAGGGCAGAGTGTGCAGAAAATAGCCTGTACT 
ACGTTATGCCCAGTGGATGGCAGGTGGACGCCATGGAGCAAGTGGTCTACTTGTGGAACTGA 
GTGCACCCACTGGCGCAGGAGGGAGTGCACGGCGCCAGCCCCCAAGAATGGAGGCAAGGACT 
GCGACGGCCTCGTCTTGCAATCCAAGAACTGCACTGATGGGCTTTGCATGCAGACTGCTCCT 
GATTCAGATGATGTTGCTCTCTATGTTGGGATTGTGATAGCAGTGATCGTTTGCCTGGCGAT 
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CTCTGTAGTTGTGGCCTTGTTTGTGTATCGGAAGAATCATCGTGACTTTGAGTCAGATATTA 
TTGACTCTTCGGCACTCAATGGGGGCTTTCAGCCTGTGAACATCAAGGCAGCAAGACAAGAT 
CTGCTGGCTGTACCCCCAGACCTCACGTCAGCTGCAGCCATGTACAGAGGACCTGTCTATGC 
CCTGCATGACGTCTCAGAGAAAATCCCAATGACCAACTCTCCAATTCTGGATCCACTGCCCA 
ACCTGAAAATCAAAGTGTACAACACCTCAGGTGCTGTCACCCCCCAAGATGACCTCTCTGAG 
TTTACGTCCAAGCTGTCCCCTCAGATGACCCAGTCGTTGTTGGAGAATGAAGCCCTCAGCCT 
GAAGAACCAGAGTCTAGCAAGGCAGACTGATCCATCCTGTACCGCATTTGGCAGCTTCAACT 
CGCTGGGAGGTCACCTTATTGTTCCCAATTCAGGAGTCAGCTTGCTGATTCCCGCTGGGGCC 
ATTCCCCAAGGGAGAGTCTACGAAATGTATGTGACTGTACACAGGAAAGAAACTATGAGGCC 
ACCCATGGATGACTCTCAGACACTTTTGACCCCTGTGGTGAGCTGTGGGCCCCCAGGAGCTC 
TGCTCACCCGCCCCGTCGTCCTCACTATGCATCACTGCGCAGACCCCAATACCGAGGACTGG 
AAAATACTGCTCAAGAACCAGGCAGCACAGGGACAGTGGGAGGATGTGGTGGTGGTCGGGGA 
GGAAAACTTCACCACCCCCTGCTACATTAAGCTGGATGCAGAGGCCTGCCACATCCTCACAG 
AGAACCTCAGCACCTACGCCCTGGTAGGACATTCCACCACCAAAGCGGCTGCAAAGCGCCTC ' 
AAGCTGGCCATCTTTGGGCCCCTGTGCTGCTCCTCGCTGGAGTACAGCATCCGAGTCTACTG 
TCTGGATGACACCCAGGATGCCCTGAAGGAAATTTTACATCTTGAGAGACAGACGGGAGGAC 
AGCTCCTAGAAGAACCTAAGGCTCTTCATTTTAAAGGCAGCACCCACAACCTGCGCCTGTCA 
ATTCACGATATCGCCCATTCCCTCTGGAAGAGCAAATTGCTGGCTAAATATCAGGAAATTCC 
ATTTTACCATGTTTGGAGTGGATCTCAAAGAAACCTGCACTGCACCTTCACTCTGGAAAGAT 
TTAGCCTGAACACAGTGGAGCTGGTTTGCAAACTCTGTGTGCGGCAGGTGGAAGGAGAAGGG 
CAGATCTTCCAGCTCAACTGCACCGTGTCAGAGGAACCTACTGGCATCGATTTGCCGCTGCT 
GGATCCTGCGAACACCATCACCACGGTCACGGGGCCCAGTGCTTTCAGCATCCCTCTCCCTA 
TCCGGCAGAAGCTCTGTAGCAGCCTGGATGCCCCCCAGACGAGAGGCCATGACTGGAGGATG 
CTGGCCCATAAGCTGAACCTGGACAGGTACTTGAATTACTTTGCCACCAAATCCAGCCCAAC, 
TGGCGTAATCCTGGATCTTTGGGAAGCACAGAACTTCCCAGATGGAAACCTGAGCATGCTGG 
CAGCTGTCTTGGAAGAAATGGGAAGACATGAAACGGTGGTGTCCTTAGCAGCAGAAGGGCAG 
TATTAA 

From GenBank Accession Number NM_003728 (Ackerman and Knowles, 
"Cloning and mapping of the UNC5C gene to human chromosome 4q21-q23," Genomics, 
52(2):205-208, 1998). 

6.8 Tryptophanyl-tRNA Synthetase Polypeptide and Polynucleotide 
Sequences 

Human Tryptophanyl-tRNA Synthetase Polypeptide (SEQ ID NO: 14) 



-45- 



WO 03/080648 



PCT7US03/08667 



MPNSEPASLLELFNS IATQGELVRSLKAGWASKDEIDSAVKMLVSLKMSYKAAAGEDYKADC 
PPGNPAPTSNHGPDATEAEEDPVDPWTVQTSSAKGIDYDKLIVRFGSSKIDKELINRIERAT 
GQRPHHFLRRGIPFSHRDMNQVLDAYENKKPFYLYTGRGPSSEAMHVGHLIPFIFTKWLQDV 
FISTVPLVIQMTDDEKYLWKDLTLDQAYGDAVENAKDIIACGFDINKTFIFSDLDYMGMSSGFY 
KNWKIQKHVTFNQVKGIFGFTDSDCIGKISFPAIQAAPSFSNSFPQIFRDRTDIQCLIPCA 
IDQDPYFRMTRDVAPRIGYPKPALLHSTFFPALQGAQTKMSASDPNSSIFLTDTAKQIKTKV 
NKHAFSGGRDT I EEHRQFGGNCDVDVSFMYLTFFLEDDDKLEQ I RKDYTSGAMLTGELKKAL 
I E VLQ PL I AEHQARRKE VTDE I VKE FMTPRKLS FDFQ 

DNA Encoding Human Tryptophanyl-tRNA Synthetase (SEQ ID NO:3 1) 
ATGCCCAACAGTGAGCCCGCATCTCTGCTGGAGCTGTTCAACAGCATCGCCACACAAGGGGA 
GCTCGTAAGGTCCCTCAAAGCGGGAAATGCGTCAAAGGATGAAATTGATTCTGCAGTAAAGA 
TGTTGGTGTCATTAAAAATGAGCTACAAAGCTGCCGCGGGGGAGGATTACAAGGCTGACTGT 
CCTCCAGGGAACCCAGCACCTACCAGTAATCATGGCCCAGATGCCACAGAAGCTGAAGAGGA 
TTTTGTGGACCCATGGACAGTAGAGACAAGCAGTGCAAAAGGCATAGACTACGATAAGCTCA 
TTGTTCGGTTTGGAAGTAGTAAAATTGACAAAGAGCTAATAAACCGAATAGAGAGAGCCACC 
GGCCAAAGACCACACCACTTCCTGCGCAGAGGCATCTTCTTCTCACACAGAGATATGAATCA 
GGTTCTTGATGCCTATGAAAATAAGAAGCCATTTTATCTGTACACGGGCCGGGGCCCCTCTT 
CTGAAGCAATGCATGTAGGTCACCTCATTCCATTTATTTTCACAAAGTGGCTCCAGGATGTA 
TTTAACGTGCCCTTGGTCATCCAGATGACGGATGACGAGAAGTATCTGTGGAAGGACCTGAC 
CCTGGACCAGGCCTATGGCGATGCTGTTGAGAATGCCAAGGACATCATCGCCTGTGGCTTTG 
ACATCAACAAGACTTTCATATTCTCTGACCTGGACTACATGGGGATGAGCTCAGGTTTCTAC 
AAAAATGTGGTGAAGATTCAAAAGCATGTTACCTTCAACCAAGTGAAAGGCATTTTCGGCTT 
CACTGACAGCGACTGCATTGGGAAGATCAGTTTTCCTGCCATCCAGGCTGCTCCCTCCTTCA 
GCAACTCATTCCCACAGATCTTCCGAGACAGGACGGATATCCAGTGCCTTATCCCATGTGCC 
ATTGACCAGGATCCTTACTTTAGAATGACAAGGGACGTCGCCCCCAGGATCGGCTATCCTAA 
ACCAGCCCTGTTGCACTCCACCTTCTTCCCAGCCCTGCAGGGCGCCCAGACCAAAATGAGTG 
CCAGCGACCCAAACTCCTCCATCTTCCTCACCGACACGGCCAAGCAGATCAAAACCAAGGTC 
AATAAGCATGCGTTTTCTGGAGGGAGAGACACCATCGAGGAGCACAGGCAGTTTGGGGGCAA 
CTGTGATGTGGACGTGTCTTTCATGTACCTGACCTTCTTCCTCGAGGACGACGACAAGCTCG 
AGCAGATCAGGAAGGATTACACCAGCGGAGCCATGCTCACCGGTGAGCTCAAGAAGGCACTC 
ATAGAGGTTCTGCAGCCCTTGATCGCAGAGCACCAGGCCCGGCGCAAGGAGGTCACGGATGA 
GATAGTGAAAGAGTTCATGACTCCCCGGAAGCTGTCCTTCGACTTTCAGTAG 
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From GenBank Accession Number NM_0041 84 (Fleckner et al, Proc. Natl Acad. 
Sci. USA, 88 (24), 11520-11524, 1991). 

6.9 Tyrosyl-tRNA Synthetase Polypeptide and Polynucleotide Sequences 

Human Tyrosyl-tRNA SynthetasePolypeptide (SEQ ID NO: 15) 
M6DAPSPEEKLHLITRNLQEVLGEEKLKEILKERELKIYWGTATTGKPHVAYFVPMSKIADFL 
KAGCE VT I LFADLHAYLDNMKAPWELLELRVS YYENVI KAMLES I GVPLEKLKF I KGTDYQLS 
KEYTLDVYRLSSWTQHDSKKAGAEWKQVEHPLLSGLLYPGLQALDEEYLKVDAQFGGIDQR 
K I FTFAE K YL PALGYS KRVHLMNPMVPGLTGSKMS S SEEE S KI DLLDRKEDVKKKLKKECE P 
GNVENNGVLSFIKHVLFPLKSEFVILRDEKWGGNKTYTAYVDLEKDFAAEWHPGDLKNSVEV 
ALNKLLDPIREKFNTPALKKLASAAYPDPSKQKPMAKGPAKNSEPEEVIPSRLDIRVGKIITV 
EKHPDADSLYVEKIDVGEAEPRTWSGLVQFVPKEELQDRLVWLCMLKPQKMRGVESQGMLL 
CASIEGINRQVEPLDPPAGSAPGEHVFVKGYEKGQPDEELKPKKKVFEKLQADFKISEECIAQ 
WKQTNFMTKLGSISCKSLKGGNIS 

DNA Encoding Human Tryrosyl-tRNA Synthetase (SEQ ID NO:32) 
ATGGGGGACGCTCCCAGCCCTGAAGAGAAACTGCACCTTATCACCCGGAACCTGCAGGAGGT 
TCTGGGGGAAGAGAAGCTGAAGGAGATACTGAAGGAGCGGGAACTTAAAATTTACTGGGGAA 
CGGCAACCACGGGCAAACCACATGTGGCTTACTTTGTGCCCATGTCAAAGATTGCAGACTTC 
TTAAAGGCAGGGTGTGAGGTAACAATTCTGTTTGCGGACCTCCACGCATACCTGGATAACAT 
GAAAGCCCCATGGGAACTTCTAGAACTCCGAGTCAGTTACTATGAGAATGTGATCAAAGCAA 
TGCTGGAGAGCATTGGTGTGCCCTTGGAGAAGCTCAAGTTCATCAAAGGCACTGATTACCAG 
CTCAGCAAAGAGTACACACTAGATGTGTACAGACTCTCCTCCGTGGTCACACAGCACGATTC 
CAAGAAGGCTGGAGCTGAGGTGGTAAAGCAGGTGGAGCACCCTTTGCTGAGTGGCCTCTTAT 
ACCCCGGACTGCAGGCTTTGGATGAAGAGTATTTAAAAGTAGATGCCCAATTTGGAGGCATT 
GATCAGAGAAAGATTTTCACCTTTGCAGAGAAGTACCTCCCTGCACTTGGCTATTCAAAACG 
GGTCCATCTGATGAATCCTATGGTTCCAGGATTAACAGGCAGCAAAATGAGCTCTTCAGAAG 
AGGAGTCCAAGATTGATCTCCTTGATCGGAAGGAGGATGTGAAGAAAAAACTGAAGAAGGCC 
TTCTGTGAGCCAGGAAATGTGGAGAACAATGGGGTTCTGTCCTTCATCAAGCATGTCCTTTT 
TCCCCTTAAGTCCGAGTTTGTGATCCTACGAGATGAGAAATGGGGTGGAAACAAAACCTACA 
CAGCTTACGTGGACCTGGAAAAGGACTTTGCTGCTGAGGTTGTACATCCTGGAGACCTGAAG 
AATTCTGTTGAAGTCGCACTGAACAAGTTGCTGGATCCAATCCGGGAAAAGTTTAATACCCC 
TGCCCTGAAAAAACTGGCCAGCGCTGCCTACCCAGATCCCTCAAAGCAGAAGCCAATGGCCA 
AAGGCCCTGCCAAGAATTCAGAACCAGAGGAGGTCATCCCATCCCGGCTGGATATCCGTGTG 
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GGGAAAATCATCACTGTGGAGAAGCACCCAGATGCAGACAGCCTGTATGTAGAGAAGATTGA 
CGTGGGGGAAGCTGAACCACGGACTGTGGTGAGCGGCCTGGTACAGTTCGTGCCCAAGGAGG 
AACTGCAGGACAGGCTGGTAGTGGTGCTGTGCAACCTGAAACCCCAGAAGATGAGAGGAGTC 
GAGTCCCAAGGCATGCTTCTGTGTGCTTCTATAGAAGGGATAAACCGCCAGGTTGAACCTCT 
GGACCCTCCGGCAGGCTCTGCTCCTGGTGAGCACGTGTTTGTGAAGGGCTATGAAAAGGGCC 
AACCAGATGAGGAGCTCAAGCCCAAGAAGAAAGTCTTCGAGAAGTTGCAGGCTGACTTCAAA 
ATTTCTGAGGAGTGCATCGCACAGTGGAAGCAAACCAACTTCATGACCAAGCTGGGCTCCAT 
TTCCTGTAAATCGCTGAAAGGGGGGAACATTAGCTAG 

From GenBank Accession Number NM_003680 (Ribas de Pouplana et al, Proc. 
Natl. Acad. Sci. USA, 92(1):166-170, 1996). 

6.10 Neuropilin 1 Polypeptide and Polynucleotide Sequences 

Human Neuropilin 1 Polypeptide (SEQ ID NO: 16) 
MERGLPLLCAVLALVLAPAGAFRNDKCGDTIKIESPGYLTSPGYPHSYHPSEKCEWLIQAPD 
PYQRIMINFNPHPDLEDRDCKYDYVEVFDGENENGHFRGKFCGKIAPPPWSSGPFLFIKFV 
SDYETHGAGFS IRYEIFKRGPECSQNYTTPSGVIKSPGFPEKYPNSLECTYIVFAPKMSEI I. 
LEFESFDLEPDSNPPGGMFCRYDRLEIWDGFPDVGPHIGRYCGQKTPGRIRSSSGILSMVFY 
TDSAIAKEGFSANYSVLQSSVSEDFKCMEALGMESGEIHSDQITASSQYSTNWSAERSRLNY 
PENGWTPGEDSYREWIQVDLGLLRFVTAVGTQGAISKETKKKYYVKTYKIDVSSNGEDWITI 
KEGNKPVLFQGNTNPTDVWAVFPKPLITRFVRIKPATWETGISMRFEVYGCKITDYPCSGM 
LGMVSGLISDSQITSSNQGDRNWMPENIRLVTSRSGWALPPAPHSYINEWLQIDLGEEKIVR 
GI I IQGGKHRENKVFMRKFKIGYSNWGSDWKMIMDDSKRKAKSFEGNNNYDTPELRTFPALS 
TRFIRIYPERATHGGLGLRMELLGCEVEAPTAGPTTPNGNLVDECDDDQANCHSGTGDDFQL 
TGGTTVLATEKPTVIDSTIQSGIK 

DNA Encoding Human Neuropilin 1 (SEQ ID NO:33) 
ATGGAGAGGGGGCTGCCGCTCCTCTGCGCCGTGCTCGCCCTCGTCCTCGCCCCGGCCGGCGCT 
TTTCGCAACGATAAATGTGGCGATACTATAAAAATTGAAAGCCCCGGGTACCTTACATCTCCT 
GGTTATCCTCATTCTTATCACCCAAGTGAAAAATGCGAATGGCTGATTCAGGCTCCGGACCCA 
TACCAGAGAATTATGATCAACTTCAACCCTCACTTG3ATTTGGAGGACAGAGACTGCAAGTAT 
GACTACGTGGAAGTCTTCGATGGAGAAAATGAAAATGGACATTTTAGGGGAAAGTTCTGTGGA 
AAGATAGCCCCTCCTCCTGTTGTGTCTTCAGGGCCATTTCTTTTTATCAAATTTGTCTCTGAC 
TACGAAACACATGGTGCAGGATTTTCCATACGTTATGAAATTTTCAAGAGAGGTCCTGAATGT 
TCCCAGAACTACACAACACCTAGTGGAGTGATAAAGTCCCCGGATTCCCTGAAAAATATCCC 
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AACAGCCTTGAATGCACTTATATTGTCTTTGCGCCAAAGATGTCAGAGATTATCCTGGAATTT 
GAAAGCTTTGACCTGGAGCCTGACTCAAATCCTCCAGGGGGGATGTTCTGTCGCTACGACCGG 
CTAGAAATCTGGGATGGATTCCCTGATGTTGGCCCTCACATTGGGCGTTACTGTGGACAGAAA 
ACACCAGGTCGAATCCGATGCTCATCGGGCATTCTCTCCATGGTTTTTTACACCGACAGCGCG 
ATAGCAAAAGAAGGTTTCTCAGCAAACTACAGTGTCTTGCAGAGCAGTGTCTCAGAAGATTTC 
AAATGTATGGAAGCTCTGGGCATGGAATCAGGAGAAATTCATTCTGACCAGATCACAGCTTCT 
TCCCAGTATAGCACCAACTGGTCTGCAGAGCGCTCCCGCCTGAACTACCCTGAGAATGGGTGG 
ACTCCCGGAGAGGATTCCTACCGAGAGTGGATACAGGTAGACTTGGGCTTCTGCGCTTTGTC 
ACGGCTGTCGGGACACAGGGCGCCATTTCAAAAGAAACCAAGAAGAAATATTATGTCAAGACT 
TACAAGATCGACGTTAGCTCCAACGGGGAAGACTGGATCACCATAAAAGAAGGAAACAAACCT 
GTTCTCTTTCAGGGAAACACCAACCCCACAGATGTTGTGGTTGCAGTATTCCCCAAA.CCACTG 
ATAACTCGATTTGTCCGAATCAAGCCTGCAACTTGGGAAACTGGCATATCTffGAGATTTGAA 
GTATACGGTTGCAAGATAACAGATTATCCTTGCTCTGGAATGTTGGGTATGGTGTCTGGACTT 
ATTTCTGACTCCCAGATCACATCATCCAACCAAGGGGACAGAAACTGGATGCCTGAAAACATC 
CGCCTGGTAACCAGTCGCTCTGGCTGGGCACTTCCACCCGCACCTCATTCCTACATCAATGAG 
TGGCTCCAAATAGACCTGGGGGAGGAGAAGATCGTGAGGGGCATCATCATTCAGGffiGGGAAG 
CACCGAGAGAACAAGGTGTTCATGAGGAAGTTCAAGATCGGGTACAGCAACAACGGCTCGGAC 
TGGAAGATGATCATGGATGACAGCAAACGCAAGGCGAAGTCTTTTGAGGGCAACAACAACTAT 
GATACACCTGAGCTGCGGACTTTTCCAGCTCTCTCCACGCGATTCATCAGGATCTACCCCGAG 
AGAGCCACTCATGGCGGACTGGGGCTCAGAATGGAGCTGCTGGGCTGTGAAGTGGAAGCCCT 
ACAGCTGGACCGACCACTCCCAACGGGAACTTGGTGGATGAATGTGATGACGACCAGGCCAAC 
TGCCACAGTGGAACAGGTGATGACTTCCAGCTCACAGGTGGCACCACTGTGCTGGCCACAGAA 
AAGC C CACGGTCATAGACAGCACCATACAATCAGGTAT CAAATAA 
From GenBank Accession Number BC007533. 

6.11 Interferon- 1 Polypeptide and Polynucleotide Sequences 

Human Interferon- Alpha Polypeptide (SEQ ID NO: 17) 
MAS PFALLMVLWLS CKS S CSLGCDLPETHSLDNRRTLMLLAQMSRI S P SS CLMDRHDFGF P 
QEEFDGMQFQKAPAISVLHELIQQIFNLFTTKDSSAAWDEDLLDKFCTELYQQLNDLEACVM 
QEERVGETPLMNADSILAVKKYFRRITLYLTEKKYSPCAWEWRAEIMRSLSLSTNLQERLR 
RKE 

DNA Encoding Human Interferon-Alpha (SEQ ID NO:34) 
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TCATCTGCTGCTTGGGATGAGACCCTCCTAGACAAATTCTACACTGAACTCTACCAGCAGCT 
GAATGACCTGGAAGCCTGTGTGATACAGGGGGTGGGGGTGACAGAGACTCCCCTGATGAAGG 
AGGACTCCATTCTGGCTGTGAGGAAATACTTCCAAAGAATCACTCTCTATCTGAAAGAGAAG 
AAATACAGCCCTTGTGCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCTTTTTCTTTGTC 
AACAAACTTGCAAGAAAGTTTAAGAAGTAAGGAATGAAAACTGGTTCAACATGGAAATGATT 
TTCATTGATTCGTATGCCAGCTCACCTTTTTATGATCTGCCATTTCAAAGACTCATGTTTCT 
GCTATGACCATGACACGATTTAAATCTTTTCAAATGTTTTTACGAGTATTAATCAACATTGT 
ATTCAGCTCTTAAGGCACTAGTCCCTTACAGAGGACCATGCTGACTGATCCATTATCTATTT 
AAATATTTTTAAAATATTATTTATTTAACTATTTATAAAACAACTTATTTTTGTTCATATTA 
TGTCATGTGCACCTTTGCACAGTGGTTAATGTAATAAAATGTGTTCTTTGTATTTGGTATAT 
TTATTTTGTGTTGTTCATTGAACTTTTGCTATGGAACTTTTGTACTTGTTTATTCTTTAAAA 
TGAAATTCCAAGCCTAATTGTGCAACCTGATTACAGAATAACTGGTACACTTCATTTATCCA 
TCAATATTATATTCAAGATATAAGTAAAAATAAACTTTCTGTAAACCAGTTG 
From GenBank Accession Numbers E00172 and NP_076918. 

6.12 Kinase Insert Domain Receptor (KDR) Polypeptide and Polynucleotide 
Sequences 

Human KDR Polypeptide (SEQ ID NO: 18) 
MQSKVLLAVALWLCVETRAASVGLPSVSLDLPRLSIQKDILTIKANTTLQITCRGQRDLDWL 
WPNNQSGSEQRVEVTECSDGLFCKTLTIPKVIGNDTGAYKCFYRETDLASVIYVYVQDYRSP 
FIASVSDQHGWYITENKNKTWIPCLGSISNLNVSLCARYPEKRFVPDGNRISWDSKKGFT 
IPSYMISYAGMVFCEAKINDESYQSIMYIWWGYRIYDWLSPSHGIELSVGEKLVLNCTA 
RTELNVG IDFNWE YPS S KHQHKKLVNRDLKTQSGSEMKKFLSTLT I DGVTRSDQGLYTCAAS 
SGLMTKKNSTFVRVHEKPFVAFGSGMESLVEATVGERVRI PAKYLGYPPPE IKWYKNGI PLE 
SNHT I KAGHVLT IME VS ERDTGNYTVILTNP I SKEKQSHWSLWYVPPQ I GEKSL I S PVDS 
YQYGTTQTLTCTVYAIPPPHHIHWYWQLEEECANEPSQAVSVTNPYPCEEWRSVEDFQGGNK 
I E VNKNQFAL I EGKNKTVS TLV I QAANVSALYKCE AVNKVGRGERVI S FHVTRGPE I TLQPD 
MQPTEQESVSLWCTADRSTFENLTWYKLGPQPLPIHVGELPTPVCKNLDTLWKLNATMFSNS 
TND I L IMELKNASLQDQGDYVCLAQDRKTKKRHCWRQLTVLERVAPT I TGNLENQTTS I GE 
SIEVSCTASGNPPPQIMWFKDNETLVEDSGIVLKDGNRNLTIRRVRKEDEGLYTCQACSVLG 
CAKVEAFF I I EGAQEKTNLE III LVGTAVI AMFFWLLLVI I LRTVKRANGGELKTGYLS I VM 
DPDELPLDEHCERLPYDASKWEFPRDRLKLGKPLGRGAFGQVIEADAFGIDKTATCRTVAVK 
MLKEGATHSEHRALMSELKILIHIGHHLNWNLLGACTKPGGPLMVIVEFCKFGNLSTYLRS 
KRNEFVPYKTKGARFRQGKDYVGAIPVDLKRRLDSITSSQSSASSGFVEEKSLSDVEEEEAP 
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EDLYKDFLTLEHLICYSFQVAKGMEFLASRKCIHRDLAARNILLSEKNWKICDFGLARDIY 
KDPDYVRKGDARLPLKWMAPETIFDRVYTIQSDVWSFGVLLWEIFSLGASPYPGVKIDEEFC 
RRLKEGTRMRAPDYTTPEMYQTMLDCWHGEPSQRPTFSELVEHLGNLLQANAQQDGKDYIVL 
PISETLSMEEDSGLSLPTSPVSCMEEEEVCDPKFHYDNTAGISQYLQNSKRKSRPVSVKTFE 
DIPLEEPEVKVIPDDNQTDSGMVLASEELKTLEDRTKLSPSFGGMVPSKSRESVASEGSNQT 
SGYQSGYHSDDTDTTVYSSEEAELLKLIEIGVQTGSTAQILQPDSGTTLSSPPV 

DNA Encoding Human KDR (SEQ ID NO:35) 
ATGCAGAGCAAGGTGCTGCTGGCCGTCGCCCTGTGGCTCTGCGTGGAGACCCGGGCCGCCTC 
TGTGGGTTTGCCTAGTGTTTCTCTTGATCTGCCCAGGCTCAGCATACAAAAAGACATACTTA 
CAATTAAGGCTAATACAACTCTTCAAATTACTTGCAGGGGACAGAGGGACTTGGACTGGCTT 
TGGCCCAATAATCAGAGTGGCAGTGAGCAAAGGGTGGAGGTGACTGAGTGCAGCGATGGCCT 
CTTCTGTAA.GACACTCACAATTCCAAAAGTGATCGGAAATGACACTGGAGCCTACAAGTGCT 
TCTACCGGGAAACTGACTTGGCCTCGGTCATTTATGTCTATGTTCAAGATTACAGATCTCCA 
TTTATTGCTTCTGTTAGTGACCAACATGGAGTCGTGTACATTACTGAGAACAAAAACAAAAC 
TGTGGTGATTCCATGTCTCGGGTCCATTTCAAATCTCAACGTGTCACTTTGTGCAAGATACC 
CAGAAAAGAGATTTGTTCCTGATGGTAACAGAATTTCCTGGGACAGCAAGAAGGGCTTTACT 
ATTCCCAGCTACATGATCAGCTATGCTGGCATGGTCTTCTGTGAAGCAAAAATTAATGATGA 
AAGTTACCAGTCTATTATGTACATAGTTGTCGTTGTAGGGTATAGGATTTATGATGTGGTTC 
TGAGTCCGTCTCATGGAATTGAACTATCTGTTGGAGAAAA.GCTTGTCTTAAATTGTACAGCA 
AGAACTGAACTAAATGTGGGGATTGACTTCAACTGGGAATACCCTTCTTCGAAGCATCAGCA 
TAAGAAACTTGTAAACCGAGACCTAAAAACCCAGTCTGGGAGTGAGATGAAGAAATTTTTGA 
GCACCTTAACTATAGATGGTGTAACCCGGAGTGACCAAGGATTGTACACCTGTGCAGCATCC 
AGTGGGCTGATGACCAAGAAGAACAGCACATTTGTCAGGGTCCATGAAAAACCTTTTGTTGC 
TTTTGGAAGTGGCATGGAATCTCTGGTGGAAGCCACGGTGGGGGAGCGTGTCAGAATCCCTG 
CGAAGTACCTTGGTTACCCACCCCCAGAAATAAAATGGTATAAAAATGGAATACCCCTTGAG 
TCCAATCACACAATTAAAGCGGGGCATGTACTGACGATTATGGAAGTGAGTGAAAGAGACAC 
AGGAAATTACACTGTCATCCTTACCAATCCCATTTCAAAGGAGAAGCAGAGCCATGTGGTCT 
CTCTGGTTGTGTATGTCCCACCCCAGATTGGTGAGAAATCTCTAATCTCTCCTGTGGATTCC 
TACCAGTACGGCACCACTCAAACGCTGACATGTACGGTCTATGCCATTCCTCCCCCGCATCA 
CATCCACTGGTATTGGCAGTTGGAGGAAGAGTGCGCCAACGAGCCCAGCCAAGCTGTCTCAG 
TGACAAACCCATACCCTTGTGAAGAATGGAGAAGTGTGGAGGACTTCCAGGGAGGAAATAAA 
ATTGAAGTTAATAAAAATCAATTTGCTCTAATTGAAGGAAAAAACAAAACTGTAAGTACCCT 
TGTTATCCAAGCGGCAAATGTGTCAGCTTTGTACAAATGTGAAGCGGTCAACAAAGTCGGGA 
-51- 



WO 03/080648 



PCT7US03/08667 



GAGGAGAGAGGGTGATCTCCTTCCACGTGACCAGGGGTCCTGAAATTACTTTGCAACCTGAC 
ATGCAGCCCACTGAGCAGGAGAGCGTGTCTTTGTGGTGCACTGCAGACAGATCTACGTTTGA 
GAACCTCACATGGTACAAGCTTGGCCCACAGCCTCTGCCAATCCATGTGGGAGAGTTGCCCA 
CACCTGTTTGCAAGAACTTGGATACTCTTTGGAAATTGAATGCCACCATGTTCTCTAATAGC 
ACAAATGACATTTTGATCATGGAGCTTAAGAATGCATCCTTGCAGGACCAAGGAGACTATGT 
CTGCCTTGCTCAAGACAGGAAGACCAAGAAAAGACATTGCGTGGTCAGGCAGCTCACAGTCC 
TAGAGCGTGTGGCACCCACGATCACAGGAAACCTGGAGAATCAGACGACAAGTATTGGGGAA 
AGCATCGAAGTCTGATGCACGGCATCTGGGAATCCCCCTCCACAGATCATGTGGTTTAAAGA 
TAATGAGACCCTTGTAGAAGACTCAGGCATTGTATTGAAGGATGGGAACCGGAACCTCACTA 
TCCGCAGAGTGAGGAAGGAGGACGAAGGCCTCTACACCTGCCAGGCATGCAGTGTTCTTGGC 
TGTGCAAAAGTGGAGGCATTTTTCATAATAGAAGGTGCCCAGGAAAAGACGAACTTGGAAAT 
CATTATTCTAGTAGGCACGGCGGTGATTGCCATGTTCTTCTGGCTACTTCTTGTCATCATCC 
TACGGACCGTTAAGCGGGCCAATGGAGGGGAACTGAAGACAGGCTACTTGTCCATCGTCATG 
GATCCAGATGAACTCCCATTGGATGAACATTGTGAACGACTGCCTTATGATGCCAGCAAATG 
GGAATTCCCCAGAGACCGGCTGAAGCTAGGTAAGCCTCTTGGCCGTGGTGCCTTTGGCCAAG 
TGATTGAAGCAGATGCCTTTGGAATTGACAAGACAGCAACTTGCAGGACAGTAGCAGTCAAA 
ATGTTGAAAGAAGGAGCAACACACAGTGAGCATCGAGCTCTCATGTCTGAACTCAAGATCCT 
CATTCATATTGGTCACCATCTCAATGTGGTCAACCTTCTAGGTGCCTGTACCAAGCCAGGAG 
GGCCACTCATGGTGATTGTGGAATTCTGCAAATTTGGAAACCTGTCCACTTACCTGAGGAGC 
AAGAGAAATGAATTTGTCCCCTACAAGACCAAAGGGGCACGATTCCGTCAAGGGAAAGACTA 
CGTTGGAGCAATCCCTGTGGATCTGAAACGGCGCTTGGACAGCATCACCAGTAGCCAGAGCT 
CAGCCAGCTCTGGATTTGTGGAGGAGAAGTCCCTCAGTGATGTAGAAGAAGAGGAAGCTCCT 
GAAGATCTGTATAAGGACTTCCTGACCTTGGAGCATCTCATCTGTTACAGCTTCCAAGTGGC 
TAAGGGCATGGAGTTCTTGGCATCGCGAAAGTGTATCCACAGGGACCTGGCGGCACGAAATA 
TCCTCTTATCGGAGAAGAACGTGGTTAAAATCTGTGACTTTGGCTTGGCCCGGGATATTTAT 
AAAGATCCAGATTATGTCAGAAAAGGAGATGCTCGCCTCCCTTTGAAATGGATGGCCCCAGA 
AACAATTTTTGACAGAGTGTACACAATCCAGAGTGACGTCTGGTCTTTTGGTGTTTTGCTGT 
GGGAAATATTTTCCTTAGGTGCTTCTCCATATCCTGGGGTAAAGATTGATGAAGAATTTTGT 
AGGCGATTGAAAGAAGGAACTAGAATGAGGGCCCCTGATTATACTACACCAGAAATGTACCA 
GACCATGCTGGACTGCTGGCACGGGGAGCCCAGTCAGAGACCCACGTTTTCAGAGTTGGTGG 
AACATTTGGGAAATCTCTTGCAAGCTAATGCTCAGCAGGATGGCAAAGACTACATTGTTCTT 
CCGATATCAGAGACTTTGAGCATGGAAGAGGATTCTGGACTCTCTCTGCCTACCTCACCTGT 
TTCCTGTATGGAGGAGGAGGAAGTATGTGACCCCAAATTCCATTATGACAACACAGCAGGAA 
TCAGTCAGTATCTGCAGAACAGTAAGCGAAAGAGCCGGCCTGTGAGTGTAAAAACATTTGAA 
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GATATCCCGTTAGAAGAACCAGAAGTAAAAGTAATCCCAGATGACAACCAGACGGACAGTGG 
TATGGTTCTTGCCTCAGAAGAGCTGAAAACTTTGGAAGACAGAACCAAATTATCTCCATCTT 
TTGGTGGAATGGTGCCCAGCAAAAGCAGGGAGTCTGTGGCATCTGAAGGCTCAAACCAGACA 
AGCGGCTACCAGTCCGGATATCACTCCGATGACACAGACACCACCGTGTACTCCAGTGAGGA 
AGCAGAACTTTTAAAGCTGATAGAGATTGGAGTGCAAACCGGTAGCACAGCCCAGATTCTCC 
AGCCTGACTCGGGGACCACACTGAGCTCTCCTCCTGTTTAA 

From GenBank Accession Number NM_002253 Terman et al, Oncogene, 
6(9):1677-1683, 1991). 
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All of the compositions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be applied to the 
compositions and methods and in the steps or in the sequence of steps of the method described 
herein without departing from the concept, spirit and scope of the invention. More specifically, 
it will be apparent that certain agents which are both chemically and physiologically related may 
be substituted for the agents described herein while the same or similar results would be 
achieved. All such similar substitutes and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the invention as defined by the appended 
claims. 
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Claims: 

1 . Aii adeno-associated viral (AAV) vector comprising a polynucleotide that comprises 
a nucleic acid segment that encodes a choroidal or ocular neovascularization 
inhibitory polypeptide operably linked to a promoter that expresses said segment to 
produce said polypeptide in a selected mammalian host cell. 

2. The adeno-associated viral vector of claim 1, wherein said choroidal or said ocular 
neovascularization inhibitory polypeptide is selected from the group consisting of 
pigment epithelium-derived factor (PEDF), angiostatin, endostatin, neuropilin-1, 
interferon-alpha (INF-a), kinase insert domain receptor (KDR), tyrosyl-tRNA 
synthetase, tryptophanyl-tRNA synthetase, thrombospondin, plasminogen, tissue 
inhibitor of metalloproteinase-3 (TIMP3), VEGF Exon 6 peptide, VEGF Exon 7 
peptide, and soluble vascular endothelial growth factor (VEGF) receptor (sFLT). 

3. The adeno-associated viral vector of claim 1, wherein said promoter is a heterologous 
promoter. 

4. The adeno-associated viral vector of claim 3, wherein said promoter is selected from 
the group consisting of a CMV promoter, a (3-actin promoter, an EF1 promoter, a Ula 
promoter, a Ulb promoter, a Tet-inducible promoter and a VP16-LexA promoter. 

5. The adeno-associated viral vector of claim 4, wherein said promoter is a (3-actin 
promoter. 

6. The adeno-associated viral vector of claim 5, wherein said promoter is a chicken P~ 
actin promoter. 
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The adeno-associated viral vector of claim 1, wherein said polynucleotide further 
comprises a 5 regulatory element operably linked to said nucleic acid segment. 

The adeno-associated viral vector of claim 7, wherein said 5 regulatory element 
comprises an inducible enhancer, a CMV enhancer, a synthetic enhancer, or an eye- 
or retinal-cell specific enhancer. 

The adeno-associated viral vector of claim 1, wherein said polynucleotide further 
comprises a 3 regulatory element operably linked to said nucleic acid segment. 

The adeno-associated viral vector of claim 9, wherein said 3 regulatory element 
comprises a woodchuck hepatitis virus post-transcriptional regulatory element 
(WPRE). 

The adeno-associated viral vector of claim 1, wherein said nucleic acid segment 
encodes a human polypeptide. 

The adeno-associated viral vector of claim 1, wherein said polypeptide comprises at 
least a first Kringle region of said angiostatin or said plasminogen polypeptide or at 
least a first exon peptide fragment of said VEGF polypeptide. 

The adeno-associated viral vector of claim 12, wherein said polypeptide comprises an 
exon 6 peptide (amino acids 121 to 132) fragment of VEGF polypeptide, an exon 7 
peptide (amino acids 1 to 21) fragment of VEGF polypeptide, a Kringle region 1 to 4 
peptide fragment (Kl-4) of a plasminogen polypeptide, or a Kringle region 1 to 3 
peptide fragment (Kl-3) of a plasminogen polypeptide. 
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14. The adeno-associated viral vector of claim 1, wherein said nucleic acid segment 
encodes a polypeptide that is at least 85% identical to the sequence of any of SEQ ID 
NO:l to SEQ ID NO:18, and that has neovascularization inhibitory activity when 
administered to a mammalian eye. 

15. The adeno-associated viral vector of claim 14, wherein said nucleic acid segment 
encodes a polypeptide that is at least 90% identical to the sequence of any of SEQ ID 
NO:l to SEQ ID NO: 18, and that has neovascularization inhibitory activity when 
administered to a mammalian eye. 

16. The adeno-associated viral vector of claim 15, wherein said nucleic acid segment 
encodes a polypeptide that is at least 95% identical to the sequence of any of SEQ ID 
NOT to SEQ ID NO: 18, and that has neovascularization inhibitory activity when 
administered to a mammalian eye. 

17. The adeno-associated viral vector of claim 17, wherein said nucleic acid segment 
encodes a polypeptide that is at least 98% identical to the sequence of any of SEQ ID 
NO:l to SEQ ID NO: 18, and that has neovascularization inhibitory activity when 
administered to a mammalian eye. 

18. The adeno-associated viral vector of claim 17, wherein said nucleic acid segment 
encodes a polypeptide that comprises the sequence of any of SEQ ID NOT to SEQ 
ID NO: 18. 

19. The adeno-associated viral vector of claim 1, wherein said nucleic acid segment is at 
least 85% identical to the sequence of any one of SEQ ID NO:19 to SEQ ID NO:35, 
and further wherein the polypeptide encoded by said nucleic acid segment has 
neovascularization inhibitory activity when administered to a mammalian eye. 
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20. The adeno-associated viral vector of claim 19, wherein said nucleic acid segment is at 
least 90% identical to the sequence of any one of SEQ ID NO: 19 to SEQ ID NO:35, 
and further wherein the polypeptide encoded by said nucleic acid segment has 
neovascularization inhibitory activity when administered to a mammalian eye. 

21. The adeno-associated viral vector of claim 20, wherein said nucleic acid segment is at 
least 95% identical to the sequence of any one of SEQ ID NO: 19 to SEQ ID NO:35, 
and further wherein the polypeptide encoded by said nucleic acid segment has 
neovascularization inhibitory activity when administered to a mammalian eye. 

22. The adeno-associated viral vector of claim 21, wherein said nucleic acid segment is at 
least 98% identical to the sequence of any one of SEQ ID NO: 19 to SEQ ID NO:35, 
and further wherein the polypeptide encoded by said nucleic acid segment has 
neovascularization inhibitory activity when administered to a mammalian eye. 

23. The adeno-associated viral vector of claim 22, wherein said nucleic acid segment 
comprises the sequence of any one of SEQ ID NO:19 to SEQ ID NO:35. 

24. The adeno-associated viral vector of claim 1, wherein said viral vector is an adeno- 
associated viral serotype 1 (AAV1), serotype 2 (AAV2), serotype 3 (AAV3), 
serotype 4 (AAV4), serotype 5 (AAV5), or serotype 6 (AAV6) vector. 

25. The adeno-associated viral vector of claim 1, comprised within an adeno-associated 
viral particle. 
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26. The adeno-associated viral vector of claim 1, comprised within a pharmaceutical 
vehicle. 

27. The adeno-associated viral vector of claim 26, formulated for administration to a 
human. 

28. A virion or viral particle comprising the adeno-associated viral vector of claim 1 . 

29. The virion or viral particle of claim 28, comprised within a pharmaceutical vehicle. 

30. A mammalian host cell comprising the adeno-associated viral vector of claim 1 or the 
virion or viral particle of claim 28. 

31. The mammalian host cell of claim 30, wherein said host cell is an eye cell, a scleral 
cell, a choroidal cell, or a retinal cell. 

32. The mammalian host cell of claim 30, wherein said host cell is a human host cell. 

33. A composition comprising: 

(a) the adeno-associated viral vector of claim 1 ; 

(b) the virion or viral particle of claim 28; or 



(c) the host cell of claim 30. 
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34. The composition of claim 33 further comprising a pharmaceutical excipient. 



35. The composition of claim 33 , for use in therapy. 

36. The composition of claim 35, for use in therapy of ocular neovascularization, 
choroidal neovascularization, retinal neovascularization, age-related macular 
degeneration, visual impairment, ocular dysfunction, loss of vision, retinopathy, or 
blindness in a human. 

37. A method of providing a therapeutically effective amount of a choroidal or ocular 
neovascularization inhibitory polypeptide to a mammal in need thereof, said method 

, comprising the step of providing to said mammal, a composition that comprises the 
adeno-associated viral vector of claim 1, the virion or viral particle of claim 28, the 
host cell of claim 30, or the composition of claim 33, in an amount and for a time 
effective to provide said therapeutically effective amount of said choroidal or said 
ocular neovascularization-inhibitory polypeptide to said mammal. 

38. The method of claim 37, wherein said vector, said particle, said cell, or said 
composition is provided to said mammal systemically, or by direct or indirect 
administration to a cell, tissue, or organ of said mammal. 

39. The method of claim 38, wherein said vector, said particle, said cell, or said 
composition is provided to mammal by ocular injection, intravitreolar injection, 
retinal injection, or subretinal injection. 

40. A method of treating choroidal or ocular neovascularization in a mammal, said 
method comprising the step of providing to a mammal in need thereof, a composition 
that comprises the adeno-associated viral vector of claim 1, the virion or viral particle 
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of claim 28, the host cell of claim 30, or the composition of claim 33, in an amount 
and for a time effective to treat said choroidal or said ocular neovascularization in 
said mammal. 

41. The method of claim 40, wherein said vector, said particle, said cell, or said 
composition is provided to said mammal systemically, or by direct or indirect 
administration to a cell, tissue, or organ of said mammal. 

42. The method of claim 41, wherein said vector, said particle, said cell, or said 
composition is provided to mammal by ocular injection, intravitreolar injection, 
retinal injection, or subretinal injection. 

43. Use of the adeno-associated viral vector of claim 1, the virion or viral particle of 
claim 28, the host cell of claim 30, or the composition of claim 33, in the manufacture 
of a medicament for treating ocular neovascularization, choroidal neovascularization, 
age-related macular degeneration, vision loss, visual impairment, or blindness in a 
mammal. 

44. The use according to claim 43, wherein said vector, said particle, said host cell, or 
said composition is provided to said mammal by injection, infection, or direct 
administration to a cell, tissue, or organ of said mammal. 

45. The use according to claim 37, wherein said mammal is human. 

46. The use according to claim 43, wherein said mammal is a human that has, is ' 
suspected of having, or at risk for developing choroidal or ocular neovascularization. 
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